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‘You’re asking me to participate as a healthy control in a memory study?? But my memory is 
not good at all!’ One in three healthy individuals aged 75 and older experiences memory 
complaints (Riedel-Heller, Matschinger, Schork, & Angermeyer, 1999). A decline in several 
cognitive functions, including episodic memory function, is observed in normal ageing 
(Munro Cullum, Butters, Tröster, & Salmon, 1990; Nilsson, 2003). These findings are consistent 
with studies that reveal that global and regional changes in brain structures occur with 
advancing age (Walhovd et al., 2005), and that the brain volume declines (Allen, Bruss, 
Brown, & Damasio, 2005). Additionally, decline in memory functioning is present in many 
common neurological and psychiatric conditions. Subsequently, memory complaints are 
a frequent reason for referral for neuropsychological evaluations. However, subjective 
memory complaints do not necessarily reflect objective memory deficits. As a result, it is 
of great importance to develop and improve memory tests that can be used as part of 
neuropsychological assessment and that are able to differentiate between normal and 
abnormal memory function, due to e.g., brain disorders such as epilepsy, traumatic brain 
injury, or stroke and between ageing-related memory decline and neurodegenerative 
memory disorders due to Alzheimer’s disease or other dementias.
 In the following paragraphs, I will first introduce the theoretical concepts of different 
memory systems, and highlight the brain regions that are known to be involved. Then, I will 
describe the assessment of memory functioning, and subsequently focus on the Wechsler 
Memory Scale (WMS). The WMS is one of the most commonly used memory batteries in 
clinical care and research in neuropsychology (Rabin, Barr, & Burton, 2005). This thesis 
focuses on the adaptation, standardization and validation of the Dutch version of the 
Wechsler Memory Scale – Fourth Edition (WMS-IV-NL). Finally, in the last paragraph, I will give 
an outline of the studies covered in the subsequent chapters. 
Memory
Theoretical basis for memory and learning
Memory is one of the most complex cognitive functions, and the term memory is 
described in many different ways. Memory and learning are two concepts that are closely 
related. Squire (1987) provided a description that clarifies how these concepts could be 
distinguished: ‘Learning is the process of acquiring new information, while memory refers 
to the persistence of learning in a state that can be revealed at a later time’ (p. 3). Learning 
and memory are frequently related to the stage of encoding, consolidation, and retrieval. 
Encoding comprises the acquirement of external information and the transformation into 
memories. Consolidation covers the process of transforming new memories from a fragile 
state (immediate memory) to a more permanent and solidified state (long-term memory) 
(Squire & Butters, 1992). Lastly, the process of transferring information back from long-term 
storage into conscious awareness (i.e., working memory) is referred to as retrieval. 
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Importantly, problems in memory function can occur in all of these processes. In addition, 
numerous other cognitive processes may affect encoding, consolidation, and retrieval. For 
instance, encoding is influenced by the degree of attention, which is in turn influenced by 
the novelty of and the interest in the information (Nyberg, 2008).  
 In addition, memory is not considered to be a unitary function, but can be subdivided 
into a number of systems or faculties, each having its own properties and characteristics. 
For instance, Atkinson and Shiffrin (1968) divided memory into short-term memory and 
long-term memory. Short-term memory refers to the capacity to briefly and temporarily 
store information, lasting from a few seconds to a few minutes. Long-term memory is most 
similar to the meaning of memory as it is used in our daily lives, and describes a memory 
system in which permanent memories are stored over longer period of time (from minutes 
and hours up to years and decades). In more current theories, short-term memory is often 
incorporated into the concept of working memory. Working memory refers to a limited 
capacity system utilized for temporary storage and manipulation of information (Baddeley, 
2000; Gathercole, 2008). Baddeley and Hitch (1974) developed a widely used model of 
working memory, which is updated by Baddeley (Baddeley, 2000, 2003, 2007; Gathercole, 
2008). This four-component model consists of one supervisory control system (central 
executive) that regulates two information activation/storage systems (phonological loop 
and viusospatial sketchpad), and one information integration system (episodic buffer). The 
regulatory processes of the central executive, indicate that working memory is 
conceptually strongly linked with higher-order cognitive processes, such as reasoning 
abilities and other executive functions (Haavisto & Lehto, 2004; Jarrold & Towse, 2006; 
Kane, Hambrick, & Conway, 2005). 
 Long-term memory is can be divided further into implicit (procedural) or explicit 
(declarative) memory (Tulving, 1972). Implicit or procedural memory includes processes 
that function without conscious awareness. It emerges through skills, priming, simple 
classic condition and habituation. Examples are driving a car or (endlessly) touch typing to 
complete your thesis. Explicit or declarative memory is the conscious storage or recollection 
of previous experiences and information (Squire & Butters, 1992). Explicit memory is then 
further categorized into episodic and semantic memory. Semantic memory contains general 
knowledge and facts, while episodic memory contains the storage and recollection of 
personal episodes and the contexts in which they occur. See Figure 1 for an overview of 
long-term memory and its subsystems. 
Brain basis for memory
Efficient encoding, consolidation, and retrieval of information requires the intact 
functioning of multiple processes involved in different aspects of memory. Several brain 
regions that are important for intact memory functioning are especially susceptible to 
injury or disease (e.g., the temporal lobe is highly susceptible to epileptic activity). 
Moreover, various injuries and diseases can affect different aspects of memory.
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 Over the years, an extensive amount of research has been conducted on the 
neuroanatomy of memory (e.g., see Eichenbaum, 2008; Nyberg, 2008; or Squire, 2009 for 
thorough reviews). The memory circuitry in the brain involves a complex interaction 
between multiple systems and brain regions, which complicates the specification of 
brain-memory relationships. However, specific regions within the circuit have been 
identified as critical regions in episodic memory (Bauer, 2008). As such, extensive research 
has identified that the medial temporal lobe, in particular the hippocampus, and the 
midline diencephalon, are crucial for the encoding and retrieval of novel information 
(Bauer, 2008). This finding originates perhaps from the most famous case in memory 
research: Henry Gustav Molaison, known in the literature as patient H.M., described by 
Scoville and Milner in 1957. Henry Molaison underwent surgery of the medial temporal 
lobe to reduce the number of epileptic seizures that originated from this region. In both 
hemispheres of his brain approximately 8 cm of his medial temporal lobe were resected, 
including two thirds of his hippocampi, parahippocampal cortices, enthorinal cortices, 
piriform cortices, and amygdalae. This damage to the medial temporal lobe regions 
resulted in complete anterograde amnesia (i.e., the inability to form long-term memories), 
while his procedural memory and short-term memory remained intact.
 In addition to temporal-lobe lesions, dysfunction of the frontal lobes has also been 
related to deficits in episodic memory. These deficits are typically associated with poor 
encoding, poor recall initiation, low productivity, inefficiency of screening of irrelevant 
information and/or failure to employ an appropriate strategy during learning (Nyberg, 
2008). Frontal lesions are also related to working memory problems. Numerous studies 
Figure 1  Long-term memory and its subsystems (adapted from Squire, 2004).
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have identified the prefrontal cortex as playing a critical role in working memory functions 
(Buschsbaum & D’Esposito, 2008; Postle, Druzgal, & D’Eposito, 2003), which is in line with 
the idea that working memory is conceptually strongly linked with executive systems 
(Haavisto & Lehto, 2004; Jarrold & Towse, 2006; Kane et al., 2005). Moreover, working 
memory requires the complex interaction of multiple processes and brain regions, for 
example, posterior brain regions are also important for the maintenance functions of 
working memory. 
 Furthermore, frontal lesions are also related to memory problems due to interference 
effects (i.e., not able to monitor unnecessary or incorrect information); or problems 
recalling the correct sequence, time, and source of information (Malloy & Richardson, 
1994; Stuss, Alexander, et al., 1994; Stuss, Eskes, & Foster, 1994; Stuss & Knight, 2002). 
Specifically, the dorsolateral and ventrolateral prefrontal cortex contribute to the processes 
of encoding and retrieval (Blumenfeld, Parks, Yonelinas, & Ranganath, 2011; Blumenfeld & 
Ranganath, 2006, 2007). 
 The parietal lobes are also associated with episodic memory (Davidson et al., 2008; 
Schoo et al., 2011; Wagner, Shannon, Kahn, & Buckner, 2005). The superior parietal cortex is 
found to be involved in top-down processes that support retrieval search, monitoring and 
verification (Cabeza, Ciaramelli, Olson, & Moscovitch, 2008). However, the parietal lobe is 
also activated during attentional and working memory processes, which makes it unclear 
whether the parietal lobe is directly related to episodic memory, or that it represents 
focused attention and working memory, which in turn, facilitates memory function.   
Assessment of memory function
Memory assessment is an important aspect of classic and modern-day neuropsychology. 
A thorough assessment of various aspects of memory is particularly important since 
memory problems are present in a large variety of neurological or psychiatric disorders 
(e.g., dementia, traumatic brain injury) (Groth-Marnat, 2009; Lezak, Howieson, Bigler, & 
Tranel, 2012). As a result, there is a great demand for reliable and valid tests that capture 
different cognitive and psychological functions. One of the first memory batteries that 
could be used for clinical purposes was developed by Wells and Martin in 1923 (in Erickson 
& Scott, 1977). This battery was composed of 26 items that measured different aspects of 
memory, such as remembering verbal, visual, old and new information. The performances 
of all items were combined to generate one Memory Quotient, which is analogous to the 
Intelligence Quotient yielded by the Wechsler Bellevue Intelligence Scale developed by 
David Wechsler (WBIS; Wechsler, 1939). Normative data was collected in 50 healthy 
individuals and 111 psychotic patients. However, this test had important limitations, such 
as the absence of delayed reproduction tasks, the long and complicated administration 
duration, and was complicated to score (Erickson & Scott, 1977). Moreover, the 
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psychometric properties of this battery were poor, and a number of items had also been 
associated with other cognitive constructs (e.g., there was a strong correlation (.81) with 
the Stanford Binet Intelligence Sale IQ). 
 Until the mid-nineteenth century, informal methods to investigate memory 
functioning were used. These informal methods consisted, for example, of repeating 
stories or numbers and/or letters. Similar methods still exist in today’s standardized 
memory tests. Importantly, the first memory battery that became popular for clinical use 
in the United States was the Wechsler Memory Scale (Wechsler & Stone, 1945).
Memory tests vs. –batteries
A wide variety of memory tests exists, such as the California Verbal Learning Test (Delis, 
Kramer, Kaplan, & Ober, 2000) and Rey’s Auditory Verbal Learning Test (Van der Elst, Van 
Boxtel, Van Breukelen, & Jolles, 2005) that examine verbal episodic memory; Rey’s Complex 
Figure Test (Meyers & Meyers, 1995) and the Location Learning Test (Bucks, Willison, Byrne 
& Kessels, 2011) which examine visuospatial episodic memory (see Lezak et al., 2012, for a 
comprehensive overview of these tests). However, rather than using multiple brief 
instruments, it is an advantage of memory batteries that they assess a continuum of 
memory functions with normative data that come from one normative sample. However, 
memory tests examine specific aspects of memory, so multiple brief tests with different 
normative samples should be compared to cover a broader range of memory aspects. 
 To fully capture the multidimensional nature of memory, test batteries that assess a 
broader range of memory functions, including working memory, verbal recall, and 
visuospatial memory, are often needed. An advantage of memory batteries compared to 
separate memory tests is that the results of the tasks within a battery have identical 
scoring systems and are based on the same normative sample, which contributes to 
comparability across memory aspects. Examples of test batteries that cover a continuum 
of memory abilities are the Rivermead Behavioural Memory Test (RBMT: Wilson, Cockburn, 
Baddeley, & Hiorns, 1985; RBMT-3: Wilson et al., 2008) and the WMS (WMS: Wechsler & 
Stone, 1945; WMS-IV: Wechsler, 2009). The RBMT is specifically developed to evaluate 
impairments in everyday episodic memory functioning. The WMS, on the other hand, 
reflects a theoretical notion on memory function. 
 The WMS is an individually administered test battery designed to assess various 
memory aspects. For decades, the WMS has been the most widely used memory battery 
worldwide (Rabin et al., 2005), and is frequently considered to be a core component of 
neuropsychological evaluations (Camara, Nathan, & Puente, 2000). The latest revision the 
WMS, the Wechsler Memory Scale Fourth Edition (WMS-IV), was published in 2009 
(Wechsler, 2009) and has increasingly been adopted. 
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Aim and outline of this thesis
This thesis describes the development, psychometric properties and clinical validation of 
the Dutch version of the WMS-IV.
 We will start in Chapter 2, wherein we describe the history of the Wechsler memory 
scales, the development and standardization of the WMS-IV-NL, and initial evidence of the 
psychometric properties of the WMS-IV-NL. 
 In the study described in Chapter 3, we examined the latent factor structure of the 
WMS-IV-NL with a series of confirmatory factor analyses. Note that we examined the 
factor structure of both the WMS-IV-NL Adult and Older Adult Batteries in the Dutch stan-
dardization sample. 
 Chapter 4 presents a study on the test-retest reliability, practice effects and regres-
sion-based change norms for the WMS-IV-NL. Because the WMS-IVs’ stability over time is 
only examined after short retest intervals, we examined healthy participants’ performance 
after either a short- or a long time interval. 
 In Chapter 5 the psychometric properties of three short forms of the WMS-IV-NL are 
evaluated in a mixed patient group. 
 Then, Chapter 6 presents a study that evaluated the clinical validity of a short 
cognitive screener included in the WMS-IV-NL, the Brief Cognitive Status Exam (BCSE). We 
examined the discriminatory power of the BCSE in comparison to the MMSE in patients 
with mild cognitive impairment and dementia. 
 Chapter 7 presents a study that examined the clinical validation of the WMS-IV-NL in 
patients with temporal lobe epilepsy and healthy controls. Since these patients have a 
well identified left or right epilepsy focus, we focus on the relationship between 
lateralization and memory problems using the WMS-IV-NL. 
 Chapter 8 focuses on the detection of insufficient effort (i.e., malingering) using 
the WMS-IV-NL. We examined healthy experimental malingerers, non-malingering neuro- 
logical patients and healthy controls to investigate if several WMS-IV-NL subtests may be 
used as embedded validity indicators. 
 Finally, Chapter 9 summarizes and discuss the main results of the reported studies, 
highlight the clinical implications of the findings and discuss what studies could be done 
in the future.
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History and development of the  
Wechsler Memory Scales 
The original Wechsler Memory Scale (WMS) was published in 1945 (Wechsler & Stone, 
1945), even though it was already in use in 1940 at the Bellevue Hospital in New York. 
David Wechsler developed the WMS to measure memory function, and described that it 
was ‘the result of some ten years of intermittent experimentation directed toward the 
development of a rapid, simple, and practical memory examination’ (Wechsler & Stone, 
1945). The WMS contained seven brief subtests that could be administered in 15 minutes: 
Personal and Current Information, Orientation, Mental Control, Logical Memory, Memory 
Span, Visual Reproduction, and Associate Learning. Despite the fact that the WMS subtests 
could be divided into visuospatial versus auditory memory tasks, the performance of the 
WMS was shown in one overall score with a mean of 100 and a standard deviation of 15: 
the Memory Quotient (MQ). Wechsler viewed memory as an composite consisting of 
several components, comparable to his conceptualization of intelligence. Moreover, 
Wechsler worked on the WMS while he was developing the Wechsler Bellevue Intelligence 
Scale (WBIS: Wechsler, 1939) in 1939. The WBIS is also composed of various subtests which 
were combined into an Intelligence Quotient (IQ). The WMS scores were therefore 
designed to psychometrically correspond to the WBIS Full-Scale IQ (FSIQ), so that the 
person’s MQ could be compared to the person’s IQ. Importantly, the popularity of the 
WMS grew rapidly, and it soon became the most frequently used memory test (Louttit & 
Browne, 1947; Lubin, Larsen, & Matarazzo, 1984; Rabin, Barr, & Burton, 2005).
 In 1946, a parallel version was developed: the WMS-Second Edition (WMS-II: Stone & 
Wechsler, 1946). This version is similar in content to the first edition, the WMS (also known 
as “WMS-I”). With these versions it was possible to determine changes following treatment 
while taking practice effects into account (Stone & Wechsler, 1946). 
 In 1987, the revised version, the Wechsler Memory Scale-Revised (WMS-R; Wechsler, 
1987), was released. Ten years later in 1997, the third version, the (WMS-III; Wechsler, 1997) 
was published. Each of the editions was based on the knowledge and theories of memory 
and assessment of memory ability at the time of its development. Thus, the theory that 
memory is not a unitary concept was reflected in the revisions of the WMS by different 
indices for short- and long-term memory, information specific indices for verbal and 
non-verbal information and an index for working memory. It is worth noting that with the 
introduction of the WMS-III the terminology of the ‘verbal’ component was changed to 
‘auditory’. Furthermore, with the development of the WMS-III the developers attempted 
to enhance its ecological validity. That is, several subtests were specifically developed to 
evaluate everyday disturbances in memory function, such as the subtests Faces and 
Family Pictures (Wechsler, 1997). In Faces, the examinee is asked to remember photographs 
of 24 target faces and distinguish these “target” faces from 48 faces, including the 24 
target faces and 24 new faces. In Family Pictures, the examinee must describe and 
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remember four everyday pictures of a family. However, in the WMS-IV, there is a shift back, 
meaning that there is a bigger emphasis on the theoretical framework and its abstract 
concepts of memory functions. 
 With every new edition the quality has improved: the scoring criteria are improved, 
the age-related norms are improved and the age range is now increased to ninety years 
(Wechsler, 2009). In addition, psychometric research on the validity in various clinical 
populations has greatly expanded. Despite these improvements, the WMS-III still had a 
number of limitations. The administration time had increased to over 45 minutes, the 
subtest overlap (i.e., Digit Span) overlap with the Wechsler Adult Intelligence Scale – Third 
Edition (WAIS-III; Wechsler, 2008), problems with some of the subtests (Faces, Family 
Pictures, Verbal Paired Associates) and the equivocal factor structure which questioned 
the construct validity of the index scores (Axelrod, 2001; Lezak, 2004). These limitations 
have led to the development of the WMS-IV (Wechsler, 2009). However, additional 
independent research of the WMS-IV is needed to determine whether this new version 
has indeed overcome these limitations.
Overview and organization of the WMS-IV 
The WMS-IV is an extensive memory battery designed to assess various memory abilities 
in individuals from 16 to 90 years old. The WMS-IV consists of an Adult Battery for 
participants aged 16-69 years old and an Older Adult Battery for participants aged 65-90 
years old. The full WMS-IV-NL contains one optional subtest, the Brief Cognitive Status 
Exam (BCSE), and six primary subtests of which four have immediate and delayed recall 
conditions: Logical Memory I and II (LM I / LM II), Verbal Paired Associates I and II (VPA I / 
VPA II), Designs I and II (DE I / DE II), Visual Reproduction I and II (VR I / VR II), Spatial Addition 
(SA) and Symbol Span (SSP). The three most widely used and accepted subtests from 
previous versions are preserved (i.e., LG, VPA and VR), and four new subtests were 
developed (i.e., BCSE, DE, SA and SSP). One of the disadvantages of the WAIS-III and WMS-III 
was that there was overlap between the working memory tasks of both batteries. 
Therefore, the WMS-IV includes visual working memory tasks, whereas the WAIS-IV 
includes verbal working memory tasks (i.e., Digit Span, Arithmetic and optionally 
Letter-Number Sequencing). Moreover, the primary subtests contribute to five index 
scores: Auditory Memory (AMI), Visual Memory (VMI), Visual Working Memory (VWMI), 
Immediate Memory (IMI) and Delayed Memory (DMI). In the Adult Battery all primary 
subtests are included, making it possible to compute all index scores. The Older Adult 
Battery consists of a selection of four primary subtests (LM I and II, VPA I and II, VR I and II, 
and SSP) making it possible to compute four index scores (AMI, VMI, IMI and DMI). Hence, 
the complete WMS-IV-NL is an extensive test battery which provides detailed information 
of different aspects of memory function. As a consequence, the administration time can 
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take up to 126 minutes in patients with cognitive impairment (Axelrod, 2001; Groth-Marnat, 
2009; Wechsler, 2009; Miller, Axelrod, Rapport, et al., 2012). 
 In light of the theoretical framework previously mentioned in Chapter 1, the 
WMS-IV-NL is primarily a measure of declarative episodic memory as the ‘information 
presented is novel and contextually bound by the testing situation and requires the 
examinee to learn and retrieve information’ (Wechsler, 2009; Drozdick, Holdnack, & 
Hilsabeck, 2011). Moreover, the WMS-IV-NL captures working memory and short- and 
long-term memory. See Figure 2 for an overview of the memory processes related to the 
WMS-IV-NL index and subtest scores. 
 Obviously, the relatively long administration time has been criticized. Administration 
of the full WMS-IV in clinical practice is sometimes not feasible due to several reasons, such 
as patient’s fatigue, frustration and agitation when the patient is tested for several hours 
consecutively. Also, external constraints on the amount of time for a neuropsychological 
assessment of a broad spectrum of cognitive domains including memory may prohibit 
administration of the full WMS-IV. This has resulted in requests for short forms. Therefore, 
the test developers designed the WMS-IV Flexible Approach short forms to ‘expand the 
usability and utility of the WMS-IV’ which include three shorter memory assessments that 
consist of the primary subtests (WMS-IV Flexible Approach manual: Wechsler, 2010; 
Hendriks, Bouman, Kessels, & Aldenkamp, 2014). One of these short forms is a 3-subtest 
combination including the subtests LM, VPA and VR. This short form is labeled as “OAA” 
and is only available for participants aged 16-69 years old. The other two short forms are 
2-subtest combinations. One of these includes the subtests LM and VR and is labeled 
“LMVR”. The LMVR is available for participants aged 16-90 years old. The other 2-subtest 
Figure 1  Memory aspects related to the WMS-IV-NL (adapted from Drozdick et al., 2011).
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combination includes the subtests LM and DE and is labeled as “LMDE”. The LMDE is 
available for participants aged 16-69 years old. For all these versions it is possible to 
compute four index scores, namely AMI, VMI, IMI and DMI. See Figure 3 for an overview of 
subtests comprising the full WMS-IV-NL and each short form. So far, only two independent 
studies have examined whether the IMI and DMI could be reliably predicted using a 
parsimonious selection of WMS-IV subtests (Miller, Axelrod, Rapport, et al., 2012; Miller, 
Axelrod, & Schutte, 2012).
Adaptation and standardization of the WMS-IV-NL
One of the main goals for the development of the WMS-IV-NL was that this language 
version would have to be equivalent to the original U.S. version. Therefore, the nonverbal 
visual stimuli remained identical to those in the U.S. WMS-IV. Instructions, auditory stimuli, 
and scoring criteria were translated and adapted to the Dutch language. Pilot studies (first 
pilot study n = 60; second pilot study n = 120) were performed to check and improve the 
Dutch language adaptation of the WMS-IV. Moreover, an expert group consisting of 
clinical neuropsychologists from the Netherland and Belgium checked the Dutch 
Figure 2  Overview of WMS-IV-NL batteries.
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adaptation after both pilot studies. This process resulted in the authorized WMS-IV-NL 
used in this thesis.
 The WMS-IV-NL standardization sample was comprised of 1,188 examinees between 
16 and 90 years of age (mean age = 55.9, SD = 22.9; 550 males). From May 2012 to July 2013 
participants from different age groups and with different educational levels were recruited 
by trained assessors through their network, via advertisement, and via a database of 
Pearson Assessment. The sample was selected to be representative of the Dutch 
population of adults aged 16-90 years according to census results from the Central Office 
for Statistics of the Netherlands (CBS, 2011). The sample was stratified based on age, sex, 
education level, ethnicity, and geographic region. Sex was evenly distributed for samples 
aged 16-69 years, and representative of the Dutch population for ages 69-90. Moreover, 
the sample was divided into 12 age groups, each with a sample of at least 78 healthy 
participants (Adult Battery: 16-19, 20-29, 30-34, 35-44, 45-54, 55-64, 65-69; Older Adult 
Battery: 65-69, 70-74, 75-79, 80-84, 85-90). Of these examinees, 699 were assessed with the 
WMS-IV-NL Adult Battery (16-69 years old; mean age = 40.9, SD = 17.3; 348 males) and 489 
with the WMS-IV-NL Older Adult Battery (65-90 years old; mean age = 77.4, SD = 7.3; 202 
males). 
Psychometric properties of the WMS-IV-NL
Reliability
Test reliability is the accuracy, consistency and stability of a measure (Anastasi & Urbina, 
1997; Strauss, Sherman, & Spreen, 2006). Classical test theory posits that a test score is an 
approximation of an individual’s true score. A reliable test will produce consistent results 
across administrations. There are multiple procedures to estimate the reliability of test 
scores, such as internal consistency, test-retest reliability and inter-rater reliability. 
 The average internal consistency reliability coefficients for index scores were 
calculated using the formula recommended by Nunnally and Bernstein (1994), and ranged 
from .87 for VWMI to .94 for AMI in the Adult Battery and from .90 for DMI to .94 for AMI in 
the Older Adult Battery (see Table 1). 
The stability of the WMS-IV-NL was examined with test-retest reliability. In this study, the 
WMS-IV-NL was administered twice to 137 individuals, of which 68 completed the Adult 
Battery and 69 completed the Older Adult Battery. Testing occasions were approximately 
1.66 months apart (range 0-6 months). Memory tests are particularly susceptible to 
practice effects because repeated assessment will enhance retrieval of stimuli (Lezak, 
Howieson, Bigler, & Tranel, 2012; McCaffrey, Ortega, & Haase, 1993) and thus, lowers the 
test-retest reliability (Strauss et al., 2006). These practice effects are also observed in the 
WMS-IV-NL data. Test-retest coefficients for the Adult Battery ranged from .59 to .81 for the 
index scores and from .72 to .86 for the Older Adult battery. The effect sizes ranged from 
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.10 to .76 across the index scores from the Adult Battery, and from .33 to .49 for the Older 
Adult Battery, indicating small to large changes in performance across testing (see Table 
1). The smallest changes were observed on the VWMI, while score increments of 
approximately 10, 9, 11 and 10 points, on AMI, VMI, IMI and DMI respectively were observed 
for the Adult Battery. For the Older Adult Battery, the participants showed a mean increase 
of approximately 6, 9, 8, and 8 points on AMI, VMI, IMI and DMI respectively. So, extensive 
practice effects were reported for the WMS-IV-NL index scores after a short retest interval. 
 Although most of the WMS-IV-NL subtests are straightforward and objectively 
scored, the WMS-IV-NL includes some subtests in which the scoring criteria are somewhat 
difficult and subjective; namely the subtests Logical Memory, Visual Reproduction and the 
items Clock Drawing and Verbal Production in the Brief Cognitive Status Exam. Therefore, 
evidence of interrater agreement was obtained in 99 respondents (58 were administered 
the Adult Battery and 41 the Older Adult Battery). The above mentioned tasks were scored 
by two independent scorers and agreement rates ranged from  .77 to 1.00, with the 
exception of VRI Figure 1 and VR II Copy Figure 5 in the Older Adult Battery (i.e., .48 en .46 
respectively, see also Table 1) . Overall, these results reveal that although these subtests 
seem somewhat difficult and subjective, they can be scored with a high degree of 
consensus between raters. 
Validity
Test validity refers to the degree in which a test accurately measures what it purports to 
measure. Validity is commonly considered as the most important aspect of test 
development and evaluation (American Educational Research Association [AERA], 
American Psychological Association, & National Council on Measurement in Education, 
1999; Angoff, 1988; Sattler, 2008). In the classical model of validity, three major types of 
validity – content, construct, and concurrent – are critical for evaluating a test. First, 
content validity is a non-statistical type of validity that refers to the degree to which a 
measure adequately samples all facets of a given construct (Anastasi & Urbina, 1997). 
Second, construct validity is the extent to which the construct purported to be measured 
by the test is actually measured (Cronbach & Meehl, 1955). Evidence of construct validity 
can come from many different sources including expert review, intercorrelations of subtest 
and index scores, factor-analytic studies and clinical investigations. Third, concurrent 
validity can be gathered by examining relationships with specified external criteria, such 
as performance on other instruments or group membership. 
 Initial evidence of validity of the WMS-IV-NL is provided in the WMS-IV-NL Technical 
Manual (Hendriks et al., 2014). In summary, there is support for the content and construct 
validity, and there is some support found for the concurrent validity. Evidence for construct 
validity was found by examining the intercorrelations of subtest and index scores and 
factor-analytic studies. Evidence for concurrent validity was found by examining the 
relationships with other memory tests, such as the Dutch version of the Rivermead 
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Behavioural Memory Test- Third Edition (RBMT-3-NL: Wilson et al., 2008; Wester, 2014), the 
Dutch version of the Rey Auditory Verbal Learning Test (RAVLT: Saan & Deelman, 1986), and 
the Dutch Location Learning Test (LLT: Kessels, Bucks, Wilson, & Byrne, 2012); as well as the 
Dutch version of the most widely used intelligence battery, the Wechsler Adult Intelligence 
Scale – Fourth Edition (WAIS-IV-NL: Wechsler, 2008). Furthermore, additional evidence of 
validity based on test-criterion relationships is provided based on the results of two 
patient groups, namely patients with temporal lobe epilepsy and patients with cognitive 
dysfunctions following alcohol abuse or Korsakov (see Hendriks et al., 2014, for an overview 
of these results). Kent (2013) already posted a critical note with regard to the clinical 
samples included in the U.S. WMS-IV Technical Manual (Wechsler, 2009), as they are based 
on rather small sample sizes. 
 Importantly, current definitions of validity view validity as a unitary construct (Messick, 
1995; AERA et al., 1999). The following is stated in the Standards:  “validity no longer speaks 
of different types of validity but speaks instead of different lines of validity evidence, all in 
service of providing information relevant to a specific intended interpretation of test 
scores” (AERA et al., 1999, p. 5). Thus, the examination of a test’s validity also requires the 
practitioners to evaluate the use of the test for its intended purpose. As a result, examining 
the validity of newly developed neuropsychological tests is a long-term process that 
begins with the development of the test and frequently continues throughout the life of 
the instrument.
Table 1  Overview of the reliability coefficients for the different test scores. 
Adult Battery Older Adult Battery
Internal consistencya
Index scores 0.84 - 0.94 0.90 - 0.94
Subtest scores1 0.77 - 0.93 0.70 – 0.89
Test-retetst reliabilityb
Index scores 0.59 – 0.81 0.72 – 0.86
Subtest scores 0.69 – 0.77 0.61 – 0.76
Inter-rater reliabilityc 0.77 – 1.00 0.46 – 1.00
Note: a Reliability/Internal Consistency Alpha: based on the formula recommended by Nunnally & Bernstein 
(1994); b Pearson r correlation; c Inter-rater reliability included the subtests Clock Drawing and Verbal 
Production from BCSE, LM I and LM II, and Figure 1-5 from VR I, VR II and VR II copy; 1 Reliability measures are 
provided for all WMS-IV-NL primary subtests.
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Abstract
Background The Wechsler Memory Scale is one of the most commonly used test 
batteries to assess different memory functions in patients with brain dysfunction of 
different etiologies. The Wechsler Memory Scale – Fourth Edition (WMS-IV) consists of 
seven subtests which reflect different memory aspects such as short- and long-term 
memory, information specific aspects such as visual- and auditory memory and visual 
working memory. 
Methods This study examined the latent factor structure of the Dutch version of the 
WMS-IV with a series of confirmatory factor analyses. As part of the Dutch standardization, 
1,188 healthy participants completed the WMS-IV-NL. Four models were tested for the 
Adult Battery (16-69 years; N = 699), and two models were tested for the Older Adult 
Battery (65-90 years; N = 489). Moreover, we computed simultaneous multi-group 
confirmatory factor analyses (MGCFA) to test for measurement invariance between the 
Dutch and the U.S. standardization samples. 
Results Our results corroborated the presence of three WMS-IV-NL factors in the Adult 
Battery consisting of Auditory Memory, Visual Memory and Visual Working Memory (CFI = 
0.99; NNFI = 0.97; RMSEA = 0.06). A two-factor model (consisting of Auditory Memory and 
Visual Memory) provided the best fit for the data of the Older Adult Battery (CFI = 1.00; 
NNFI = 1.00; RMSEA = 0.00). Moreover, simultaneous MGCFA revealed that the factor 
structures and factor loadings of the Dutch and U.S. standardization samples are invariant 
for the Adult Battery. 
Conclusions These findings provide evidence for the structural validity of the WMS-IV-NL, 
and further support the psychometric integrity of the WMS-IV.  
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Introduction 
Assessment of memory function is crucial, as memory problems are present in a large 
variety of neurological or psychiatric disorders (Lezak et al., 2012; Groth-Marnat, 2009). To 
fully capture the multidimensional nature of memory, test batteries that assess the 
different memory processes, including working memory, verbal recall and visuospatial 
memory, have been developed. For decades, the Wechsler Memory Scale (WMS) has 
been a widely used memory test battery (Rabin, Barr, & Burton, 2005). Since its original 
release in 1945 (Wechsler & Stone, 1945), the index structure for its interpretation has 
moved from one General Memory Index to five memory domain related indices which is 
also in line with theories fractionating memory function (Wechsler, 1997). 
 Several studies have examined the factor structure of the WMS, the Wechsler Memory 
Scale Revised (WMS-R; Wechsler, 1987) and the Wechsler Memory Scale – Third Edition 
(WMS-III; Wechsler, 1997) in healthy controls and various clinical groups. These studies 
have yielded inconsistent results for the underlying latent factor structure (for an overview, 
see supplementary Table 1). For example, the original confirmatory factor analysis (CFA) of 
the WMS-III, as reported in its technical manual, showed that a model of five factors 
(consisting of Auditory Immediate, Auditory Delayed, Visual Immediate, Visual Delayed 
and Working Memory) best fit the data from the normative sample. However, Millis, 
Malina, Bowers, and Ricker (1999) and Price, Tulsky, Millis, and Weiss (2002) further evaluated 
the factor structure of the WMS-III using CFA in both the normative sample and an 
independent sample of healthy participants. They reported that a model of three factors 
(consisting of Auditory Memory, Visual Memory, and Working Memory) fitted the data 
better. Also, a joint factor analysis of the Wechsler Adult Intelligence Scale – Third Edition 
(WAIS-III; Wechsler, 1997) and WMS-III provided evidence for Visual Memory, Auditory 
Memory, and Working Memory (Verbal and Visual) as separate factors (Tulsky & Price, 
2003).
 Importantly, Millis et al. (1999) and Tulsky and Price (2003) argue that a five-factor 
model is inadequate due to inadmissible parameter estimates (i.e., high correlations 
between immediate and delayed memory measures). Moreover, Millis et al. (1999) and 
Tulsky and Price (2003) emphasized the importance of conducting CFA of the WMSs in 
clinical samples, as different latent factor structures may emerge in different populations. 
That is, in healthy adults, immediate and delayed memory may function optimally and 
may, therefore, show a similar performance. In contrast, dissociations between immediate 
and delayed memory functioning have been frequently reported in brain-injured patients 
(Squire, 2009). To overcome this problem, Wilde et al. (2003) conducted a CFA in a clinical 
sample with left and right temporal lobe epilepsy. They found a two-factor model 
including General Memory and Working Memory and unexpectedly, gained minimal 
support for visual and auditory memory dimensions. In turn, Burton, Ryan, Axelrod, 
Schellenberger, and Richards (2003) reported a four-factor model (consisting of Auditory 
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Memory, Visual Memory, Working Memory and Learning) in a mixed clinical and control 
sample. Clearly, there is little support for separate immediate and delayed memory indices 
in the WMS-III, as the factor structure reported in the WMS-III manual has neither been 
replicated in healthy adults nor in clinical samples. 
 The latest revision of the WMS, the Wechsler Memory Scale – Fourth Edition (WMS-IV), 
was published in 2009 (Wechsler, 2009). This thorough revision consists of an Adult Battery 
for participants aged 16-69 years old and an Older Adult Battery for participants aged 
65-90 years old. Furthermore, three existing subtests were adapted and four new subtests 
were introduced. The Adult Battery includes all subtests which results in five index scores: 
Auditory Memory, Visual Memory, Visual Working Memory, Immediate Memory and 
Delayed Memory. The Older Adult Battery consists of a selection of four primary subtests 
and four index scores: Auditory Memory, Visual Memory, Immediate Memory and Delayed 
Memory. 
 So far, three studies have examined the factor structure of the WMS-IV in samples of 
healthy controls (Holdnack, Zhou, Larrabee, Millis, & Salthouse, 2011; Miller, Davidson, 
Schindler & Messier, 2013; Wechsler, 2009). One study has examined the factor structure of 
the WMS-IV in a clinical sample consisting of German patients diagnosed with depression 
(Pauls, Petermann, & Lepach, 2013). As presented in the technical manual of the original 
U.S. version of the WMS-IV (Wechsler, 2009), a three-factor model best fits the data from 
the normative sample in the WMS-IV Adult Battery (age group 16-69 years). These factors 
were labelled as Auditory Memory, Visual Memory and Visual Working Memory. In 
addition, a joint factor structure of the Wechsler Adult Intelligence Scale – Fourth Edition 
(WAIS-IV; Wechsler, 2008) and WMS-IV Adult Battery also supported evidence for Visual 
Memory, Auditory Memory and Working Memory (Verbal and Visual) as separate factors 
(Holdnack et al., 2011). 
 Since previous findings with the WMS-III revealed that factor analysis did not support 
immediate and delayed memory as separate factors in healthy controls (Millis et al., 1999; 
Tulsky & Price, 2003), the above-mentioned models only used the delayed memory 
subtests and the two visual working memory subtests in their factor analyses. The study 
by Pauls et al. (2013) using clinical depressed patients and healthy controls, examined six 
different models, including immediate memory subtests. They revealed the same 
three-factor solution, and found no support for immediate and delayed memory as 
separate factors.
 To date, only one study has examined the factor structure of the WMS-IV Older Adult 
Battery (Miller et al., 2013), which was evaluated in a joint manner with the WAIS-IV in an 
independent sample of older adults (65-92 years old). They examined the factor structure 
of a second-order model with a first-order general ability factor and second-order factors 
corresponding to domain-specific intellectual abilities (consisting of Verbal Comprehension, 
Perceptual Reasoning and Processing Speed) and memory abilities (consisting of Delayed 
Memory and Working Memory). Their results provided support for the structural validity 
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of the WMS-IV Older Adult Battery with Delayed Memory (Logical Memory II, Visual 
Reproduction II and Verbal Paired Associates II) and Working Memory (Visual and Verbal: 
Digit Span and Arithmetic from the WAIS-IV and Symbol Span from the WMS-IV) as 
separate factors. However, the models tested in the joint CFA did not include auditory and 
visual memory as separate factors. Therefore, further investigation of the factor structure 
of the WMS-IV Older Adult Battery, separate from the WAIS-IV, is needed. 
 The present study aims to examine and directly compare different factor models in 
an independent sample using the Dutch equivalent of the Wechsler Memory Scale – 
Fourth Edition (WMS-IV-NL: Hendriks, Bouman, Kessels & Aldenkamp, 2014). In particular, 
we conducted CFA on the WMS-IV-NL Adult and Older Adult Batteries in an independent 
Dutch standardization sample. In addition, we tested for measurement invariance 
between the Dutch standardization sample and the original U.S. standardization sample. 
Based on the findings on the U.S. WMS-IV, we expect to find a three-factor structure 
(consisting of Auditory Memory, Visual Memory, and Visual Working Memory) for the 
WMS-IV Adult Battery and a two-factor structure (consisting of Auditory Memory and 
Visual Memory) for the WMS-IV Older Adult Battery.
Methods
Participants
Participants were 1188 healthy persons, between 16 and 90 years of age (mean age = 55.9, 
SD = 22.9; 550 males), from the WMS-IV-NL standardization sample (Hendriks et al., 2014; 
Wechsler, 2009). Participants from different age groups and with different educational 
levels were recruited by trained assessors through their network, via advertisement, and 
via a database of Pearson Assessment (from May 2012 to July 2013). The sample-selection 
was based on the Dutch population according to census results from the Central Office for 
Statistics of the Netherlands (CBS, 2011). The sample was stratified according to age, sex, 
education level, ethnicity, and geographic region, and the participants were only included 
if they met the inclusion criteria: ability to speak/understand the Dutch language; no 
significant hearing or visual impairment; no psychiatric or neurologic disorder; no 
substance abuse affecting cognitive functioning; and no use of medicines affecting 
cognitive functioning. The sample was divided into 12 age groups (Adult Battery: 16-19, 
20-29, 30-34, 35-44, 45-54, 55-64, 65-69; Older Adult Battery: 65-69, 70-74, 75-79, 80-84, 
85-90). Of these participants, 699 were assessed with the WMS-IV-NL Adult Battery (16-69 
years old; mean age = 40.9, SD = 17.3; 348 males) and 489 with the WMS-IV-NL Older Adult 
Battery (65-90 years old; mean age = 77.4, SD = 7.3; 202 males). The WMS-IV-NL standard-
ization study was approved by the Institutional Review Board of Radboud University 
Nijmegen and written informed consent was obtained. 
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Measures
All participants completed the WMS-IV-NL, a memory battery designed to evaluate 
several episodic memory and visual working memory abilities. As mentioned above, the 
WMS-IV-NL consists of an Adult Battery and an Older Adult Battery. The WMS-IV-NL Adult 
Battery consists of one optional subtest, the Brief Cognitive Status Exam (BCSE), and six 
primary subtests: Logical Memory (LM), Verbal Paired Associates (VPA), Designs (DE), Visual 
Reproduction (VR), Spatial Addition (SA) and Symbol Span (SP). Of these, four subtests (LM, 
VPA, DE, and VR) have immediate and delayed recall conditions. The primary subtests 
contribute to five index scores: Auditory Memory Index (AMI), Visual Memory Index (VMI), 
Visual Working Memory Index (VWMI), Immediate Memory Index (IMI), and Delayed 
Memory Index (DMI). The WMS-IV-NL Older Adult Battery consists of a selection of four 
primary subtests (LM, VPA, VR, and SP) and four index scores (AMI, VMI, IMI, and DMI). The 
age-adjusted scaled scores of the WMS-IV-NL subtests were used in all analyses. 
 The Dutch version of the WMS-IV was developed to be equivalent to the original 
published U.S. version. The nonverbal visual stimuli were identical to those in the U.S. 
WMS-IV. Instructions, auditory stimuli, and scoring criteria were translated and adapted to 
the Dutch language. Pilot studies (first pilot study N = 60; second pilot study N = 120) were 
performed to check and improve the Dutch language adaptation of the WMS-IV. Moreover, 
an expert group consisting of clinical neuropsychologists from the Netherlands and 
Belgium checked the Dutch adaptation after both pilot studies. This process has resulted 
in an authorized Dutch version of the WMS-IV (Hendriks et al., 2014; Wechsler, 2009).
Models
CFA was conducted using LISREL 8.54 (Jöreskog & Sörbom, 2003). The maximum likelihood 
estimator was used to estimate the parameters. This estimator is robust against violations 
of normality (Satorra, 1992).  
 All models were designed according to the theoretical hypotheses about the factor 
structure and previous factor analytic research on the WMS-R, WMS-III and WMS-IV (see 
Jöreskog & Sörbom, 1996 for a description of CFA). Moreover, only the delayed memory 
subtests and the visual working memory subtests were included in the reported models 
because CFA does not reveal separate immediate and delayed memory factors within one 
measurement model in healthy controls. Including immediate memory subtests would 
result in model specification errors (We examined two models including immediate 
memory subtests (a three-factor model including Immediate Memory, Delayed Memory 
and Visual Working Memory and a five-factor model including Immediate Auditory 
Memory, Delayed Auditory Memory, Immediate Visual Memory, Delayed Visual Memory, 
and Visual Working Memory). The simple structure factor models, i.e., no modifications, 
produced inadmissible parameter estimates in healthy controls. The correlations 
Immediate and Delayed factors exceed 1.0. These results are in line with previous studies 
(Millis et al., 1999; Tulsky & Price, 2003), indicating that separate immediate and delayed 
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factors cannot be obtained within one model. Therefore, the immediate memory subtests 
were omitted from the further analyses.). Table 1 provides the CFA models for the 
WMS-IV-NL Adult and Older Adult Batteries. 
 First, we conducted CFA on the WMS-IV-NL Adult Battery. For the Adult Battery, four 
CFA models were estimated. Model I (one factor: General Memory) and Model II (two 
factors: General Memory and Visual Working Memory) were designed according to the 
models tested in the technical manuals of the U.S. WMS-R and WMS-III and a recently 
published study by Pauls et al. (2013). Model III (two factors: Auditory Memory and Visual 
Memory) and Model IV (three factors: Auditory Memory, Visual Memory and Visual 
Working Memory) were designed according to models tested in the technical and 
interpretative manual of the U.S. WMS-IV (Wechsler, 2009). 
 Second, we conducted CFA on the WMS-IV-NL Older Adult Battery to assess the fit of 
two factor models for the WMS-IV-NL Older Adult Battery alone (i.e., no joint factor 
structure with another test). In correspondence with the Adult Battery, Model V (one 
factor: General Memory) and Model VI (two factors: Auditory Memory and Visual Memory) 
were designed. Because a factor should be measured by at least two subtest scores, the 
models which contain a separate Visual Working Memory factor could not be examined 
Table 1  Model specifications for confirmatory factor analysis for the WMS-IV-NL. 
Model Factors Variables
WMS-IV-NL Adult Battery
Model I One-factor General Memory LM II, VPA II, VR II, DE II, SA, SSP
Model II Two-factor General Memory LM II, VPA II, VR II, DE II
Visual Working Memory SA, SSP
Model III Two-factor Auditory Memory LM II, VPA II 
Visual Memory VR II, DE II, SA, SSP 
Model IV Three-factor Auditory Memory LM II, VPA II
Visual Memory VR II, DE II
Visual Working Memory SA, SSP 
WMS-IV-NL Older Adult Battery
Model V One-factor General Memory LM II, VPA II, VR II, SSP
Model VI Two-factor Auditory Memory LM II, VPA II
Visual Memory VR II, SSP
Note. WMS-IV-NL = Dutch version of the Wechsler Memory Scale – Fourth Edition; subtest abbreviations: LM = 
Logical Memory, VPA = Verbal Paired Associates, VR = Visual Reproduction, DE = Designs, SA = Spatial Addition, 
SSP = Symbol Span.
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for the Older Adult Battery due to the absence of the subtests Spatial Addition (i.e., Symbol 
Span is the only visual working memory subtest). All models are oblique and have a simple 
structure (i.e., variables load on only one factor). 
 After identifying which models best fitted our data in the Adult and Older Adult 
Batteries, we computed simultaneous multi-group confirmatory factor analyses (MGCFA) 
on the covariance matrices of the Dutch standardization sample and the original U.S. 
 standardization sample to test for measurement invariance between both groups 
(Steenkamp & Baumgartner, 1998). For the U.S. standardization sample, we obtained the 
subtest intercorrelation matrices and standard deviations reported in the U.S. WMS-IV 
technical manual (Wechsler, 2009). Firstly, we tested configural invariance, that is, whether 
the factor structures are the same in both groups. Secondly, we tested metric invariance, 
that is, whether the factor loadings are the same in both groups. 
 Following the recommendations of Hu and Bentler (1999), we included a set of 
indexes to evaluate the goodness of fit of each model: the likelihood ratio chi-square statistic 
(χ²); the χ² degrees of freedom ratio (df ); the root-mean-square error of approximation 
(RMSEA; Steiger, 1990); the standardized root-mean-square residual (SRMR; Jöreskog & 
Sörbom, 1996); Akaike’s information criterion (AIC: Akaike, 1987); the nonnormed fit index 
(NNFI: Bentler & Bonett, 1980); and the comparative fit index (CFI; Bentler, 1990). The χ² 
statistic is very sensitive to sample size and may therefore lead to the rejection of plausible 
models. A common strategy for addressing this issue is to report additional fit statistics 
(Hu & Betnler, 1999; Thompson, 2000).
Results
Table 2 provides the goodness-of-fit model analyses of the CFA. In the Adult Battery, the 
poorest values were observed for Model I (General Memory factor) and Model II (General 
Memory and Visual Working Memory), with the RMSEA and SRMR values of 0.05 and 
above. Model III (two-factors: Auditory Memory and Visual Memory) and Model IV (three-
factors: Auditory Memory, Visual Memory and Visual Working Memory) have very similar 
results. Both models had reasonable fit overall with CFI and NNFI values of 0.97 and higher, 
and the RMSEA and SRMR of 0.06 and lower. Moreover, both models fit the data well, and 
there is no statistically significant difference between both models (χ² (2) = 5.22, p = .074). 
The standardized factor loadings for the three-factor model are presented in Figure 1. 
Furthermore, inspection of the factor correlations revealed that all factors are highly 
correlated, and not unexpectedly, the Visual Memory and Visual Working Memory factors 
revealed a very high correlation of 0.90. 
 In the Older Adult Battery, the fit indexes revealed that Model V (General Memory 
factor) fit the data poorly, with the RMSEA and SRMR values > 0.05. The best fit statistics 
were observed for Model VI (Auditory Memory and Visual Memory). A χ² test confirms that 
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Model VI fits significantly better than Model V (χ² (1) = 42.03, p < .001). The standardized 
factor loadings for the two-factor model are presented in Figure 2. 
 By performing an MGCFA it is possible to test whether the correlations among factors 
and the individual factor loadings are invariant between the Dutch and U.S. standardiza-
tion samples. The results of the MGCFA are presented in Table 3. For both the Adult and 
Older Adult Batteries, there was no statistically significant difference between the 
configural variance and the metric variance which indicates that the factor structures and 
factor loadings are equal across the Dutch and U.S. standardization samples. 
Table 2  Goodness-of-Fit Indexes for the confirmatory factor analyses. 
Model χ² df SRMR NNFI CFI AIC RMSEA 90% CI Δχ² Δdf p
WMS-IV-NL Adult Battery
Model I 87.03*** 9 0.06 0.88 0.93 110.03 0.11 0.09 - 0.13 - - -
Model II 76.88*** 8 0.05 0.88 0.94 102.88 0.11 0.09 - 0.13 10.15 1 <.001
Model III 23.95** 8 0.03 0.97 0.98 49.95 0.05 0.03 - 0.08 52.93 0 <.001
Model IV 18.73** 6 0.02 0.97 0.99 48.73 0.06 0.03 - 0.08 5.22 2 0.07
Model V 42.95*** 2 0.06 0.72 0.91 58.95 0.21 0.16 - 0.26 - - -
Model VI 0.92 1 0.01 1.00 1.00 18.92 0.00 0 - 0.12 42.03 1 <.001
Note. * p<.05, ** p<.01, *** p<.001. WMS-IV-NL = Dutch version of the Wechsler Memory Scale – Fourth Edition; 
SRMR = standardized root-mean residual: values ≤ 0.05 indicate good model fit; AIC = Akaike information 
criterion: smaller values indicate the model with the better fit; NNFI = nonnormed fit index: values ≥ 0.90 
indicate good model fit; CFI = comparative fit index: values  ≥ 0.90 indicate good model fit; RMSEA = root-
mean-square error of approximation: values ≤ 0.08 indicate an acceptable model fit, and values ≤ 0.05 indicate 
good model fit; 90% CI = 90% confidence interval for RMSEA (Bentler, 1990; Hu & Bentler, 1999; Thompson, 
2000).
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Figure 1   The three-factor model of the Adult Battery of the Dutch version of the Wechsler 
Memory Scale – Fourth Edition. Single-headed arrows represent standardized factor 
loadings and double-headed arrows represent correlations between factors.
Figure 2  The two-factor model of the Older Adult Battery of the Dutch version of the 
Wechsler Memory Scale – Fourth Edition. Single-headed arrows represent standardized 
factor loadings and double-headed arrows represent correlations between factors.
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Discussion
The current study examined the latent factor structure of the WMS-IV-NL Adult and Older 
Adult Batteries in the Dutch standardization sample. Of the four models evaluated for the 
Adult Battery, Model III (two factors consisting of Auditory Memory and Visual Memory) 
and Model IV (three factors consisting of Auditory Memory, Visual Memory and Visual 
Working Memory) revealed good fit. Both these models fit the data equally well and no 
statistically significant difference between both models is demonstrated. These results are 
in agreement with the results reported in the U.S. WMS-IV technical manual (Wechsler, 
2009). The U.S. WMS-IV test publishers tested two models (identical to models III and IV) 
for the overall standardization sample and for three separate age groups (ages 16-24, 
25-44, and 45-69). Their results also revealed very similar fit statistics for both models. 
Based on these findings, one could argue that the most parsimonious model should be 
accepted, that is, the three-factor model should be rejected in favor of the two-factor 
model. However, there are theoretical grounds to opt for the three-factor model, also 
taking into account the hypothesized memory processes that are measured by the 
WMS-IV (Jöreskog & Sörbom, 1996; Wechsler, 2009). Specifically, visual working memory 
and visual long-term memory have been consistently demonstrated to rely on distinct 
memory systems (Squire, 2009). The three-factor model is consistent with this distinction 
and with previous studies that also revealed three separate memory factors (i.e., Auditory 
Memory, Visual Memory, and (Visual) Working Memory) in the WMS-IV Adult Battery 
(Holdnack et al., 2011; Pauls et al., 2013) and WMS-III (Millis et al., 1999; Price et al., 2002; 
Tulsky & Price, 2003). As our current findings are similar to the results on the U.S. WMS-IV, 
we argue that the three-factor model is the most appropriate one to represent the core 
WMS-IV index structure.
 Moreover, simultaneous MGCFA revealed that the factor structures and factor 
loadings of the Dutch and U.S. standardization samples are invariant for the Adult Battery. 
These results strengthen the case for equivalence of the WMS-IV in general. The findings 
of the current study are, therefore, not only providing evidence for the structural validity 
of the Dutch version of the WMS-IV but also providing evidence for the psychometric 
integrity of the original published U.S. version of the WMS-IV. 
Our findings extend the results of Miller et al. (2013), as we are the first to examine the 
factor structure of the WMS-IV Older Adult Battery alone and not in a joint factor structure 
with a second test. Of the two models evaluated, Model VI (two factors consisting of 
Auditory Memory and Visual Memory) resulted in the best fit. Notably, because visual 
working memory is measured by only one subtest, a separate Visual Working Memory 
factor could not be determined. Moreover, simultaneous MGCFA revealed that the factor 
structures and factor loadings of the Dutch and U.S. standardization samples are invariant 
for the Older Adult Battery. 
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 In line with previous studies (Millis et al., 1999; Tulsky & Price, 2003), we did not find 
support for immediate and delayed memory as separate factors. Although the use of 
these indices has been questioned because they have not yet been validated in factor 
analysis (Kent, 2013), separate immediate and delayed memory indices are included in the 
WMS-IV for their “clinical usefulness” (Wechsler, 2009). Because the WMS-IV is often used in 
patients with neurological impairment, Pauls et al. (2013) already emphasized the need for 
conducting CFA of the WMS-IV in these patients as this could result in different model 
solutions. In future research, it is therefore advised to conduct CFA on the WMS-IV in 
various clinical samples with known memory impairment. 
 In model IV (three factors consisting of Auditory Memory, Visual Memory, and Visual 
Working Memory), is a high correlation exists between visual memory and visual working 
memory. This indicates poor discriminant validity between these factors in this sample of 
healthy controls. This finding is consistent with previous studies on the WMS-IV (Holdnack 
et al., 2011; Pauls et al., 2013; Wechsler, 2009). This is not unexpected, because the visual 
memory and visual working memory subtests rely on common abilities such as 
recollection of visual stimuli and visuospatial information processing, and share the same 
materials such as the use of the memory grid for a visual memory subtest (Designs) and 
visual working memory subtest (Spatial Addition), there remains an overlap between 
these factors. Moreover, it is suggested that various clinical populations are more likely to 
feature dissociations between the visual memory and visual working memory indexes 
than healthy controls. Future research should clarify the usability of these indexes in 
various clinical samples. For now, it should be stressed that these indexes must be 
interpreted with caution.   
 Some limitations of our study should be mentioned here. We only examined the 
factor structure of the WMS-IV-NL Adult and Older Adult Batteries, but could not include 
additional tests such as the WAIS-IV. The results are, therefore, not directly comparable 
with the previous joint factor structures of the WAIS-IV and WMS-IV (Holdnack et al., 2011; 
Miller et al., 2013). Moreover, including other tests in the analysis may result in other factors. 
Future research could examine more extensive test batteries in one CFA. Also, it would be 
interesting to examine whether the factor structures of the WMS-IV-NL Adult and Older 
Adult Batteries remain the same across the same across different age groups and 
education levels. In the current study, we used the entire standardization sample to 
develop a baseline model of the WMS-IV-NL (Tulsky & Price, 2003). 
 Overall, findings from the present study corroborate and add to previous results, 
providing evidence for the structural validity of the Dutch version of the WMS-IV. The 
replication of the three-factor structure, in turn, may increase confidence in the use of the 
WMS-IV factor indices in diagnostic testing and assessment.
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Abstract 
Background The Wechsler Memory Scale – Fourth Edition (WMS-IV) is one of the most 
widely used memory batteries. We examined the test-retest reliability, practice effects and 
standardized regression-based (SRB) change norms for the Dutch version of the WMS-IV 
(WMS-IV-NL) after both short- and long retest intervals. 
Methods The WMS-IV-NL was administered twice after either a short (M = 8.48 weeks, SD 
= 3.40 weeks, range = 3-16) or a long (M = 17.87 months, SD = 3.48, range = 12-24) retest 
interval in a sample of 234 healthy participants (M = 59.55 years, range = 16-90). 
Results The test-retest reliability estimates of all index scores were adequate to good 
after a short retest interval (ranging from .74-.86), with the exception of the Visual Working 
Memory Index (r = .59), yet generally lower after a long retest interval (ranging from 
.56-.77). Practice effects were only observed after a short retest interval (overall group 
mean gains up to 11 points), whereas no significant change in performance was found 
after a long retest interval (overall group mean differences between -1 to 1). Furthermore, 
practice effect-adjusted SRB change norms were calculated for all WMS-IV-NL index scores 
after short and long retest intervals.  
Conclusions Overall, this study shows that the test-retest reliability of the WMS-IV-NL is 
adequate. Practice effects were observed after a short retest interval, but no evidence was 
found for practice effects after a long retest interval of 1 to 2 years. Finally, the SRB change 
norms were provided for the WMS-IV-NL. 
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Introduction
In clinical practice, repeated neuropsychological assessments across time are often 
necessary to monitor patients with a variety of neurological and psychiatric disorders 
(Heilbronner et al., 2010; Lezak, Howieson, Bigler, & Tranel, 2012). For instance, repeated 
assessments are used to monitor the efficacy of cognitive rehabilitation, pharmalogical, or 
neurosurgical treatments (Chelune, 2003; Chelune, Naugle, Lüders, Sedlak, & Awad, 1993; 
Schoenberg et al., 2012). Also, serial assessments provide insight in the course of cognitive 
decline in patients with neurodegenerative disorders, such as dementia (Duff, Chelune, & 
Dennett, 2012). As memory problems are the most prevalent cognitive deficits in a variety 
of clinical pathologies, reliable repeated assessment of memory functioning plays a crucial 
role in neuropsychological evaluations. Therefore, there is a demand for evaluation of 
test-retest reliability and practice effects of memory tests. 
 A variety of tests and batteries exist that measure different aspects of memory 
functioning (see Lezak et al., 2012 for a comprehensive overview). The Wechsler Memory 
Scale (WMS) is one of the most widely used memory batteries worldwide (Rabin, Barr, & 
Burton, 2005). Several studies have examined test-retest reliability and practice effects of 
different versions of the WMS, such as the WMS (Dikmen, Heaton, Grant, & Temkin, 1999; 
McCaffrey, Ortega, & Haase, 1993; Mitrushina & Satz, 1991; Wechsler, 1945), the Wechsler 
Memory Scale – Revised (WMS-R: Theisen, Rapport, Axelrod, & Brines, 1998; Ivnik, Smith, 
Malec, Petersen, & Tangalos, 1995; Wechsler, 1987), and Wechsler Memory Scale – Third 
Edition (WMS-III: Iverson, 2001; Lo, Humphreys, Byrne, & Pachana, 2012; Wechsler, 1997). 
However, the test-retest reliability of the WMS-IV has been scarcely addressed (Wechsler, 
Holdnack, & Drozdick, 2009; Holdnack, Drozdick, Weiss, & Iverson, 2013) so far.
 Previous research has shown that there are differences in test-retest reliability among 
different cognitive domains. The test-retest reliability of memory tests is generally found to be 
poorer than that of tests assessing other cognitive functions (Calamia, Markon, & Tranel, 
2013; Ivnik et al., 1995; McCaffrey et al., 1993; McCaffrey & Westervelt, 1995), especially when 
the retest interval is longer (Domino & Domino, 2006). It has been suggested that normal 
human memory performance is variable and that caution needs to be exercised when 
interpreting repeated memory assessments (Dikmen et al., 1999), as poor reliability estimates 
may cause problems such as failing to detect actual changes in research or in clinical practice. 
 In addition to test-retest reliability from a pure psychometric perspective, practice 
effects may further complicate the interpretation of repeated memory assessment. 
Specifically, practice effects are improvements in the test performance on re-evaluations 
that do not reflect genuine improvement in the underlying construct, but may be related 
to other processes such as recollection of specific items, learned test-taking strategies, or 
familiarity with the test-occasion (Calamia, Markon, & Tranel, 2012). Notably, if all participants 
scores increase or decrease in the same amount, the reliability is still high. Therefore, it is 
possible that a test has a high reliability, but at the same time reveals large practice effects. 
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 By definition, memory tests are especially susceptible to practice effects, because 
repeated assessment will enhance retrieval of specific items (Lezak, 2012; McCaffrey et al., 
1993). However, findings on practice effects in the literature are difficult to compare, since 
practice effects are influenced by many different factors which vary across studies. For 
example, population-specific effects such as younger age and higher intellectual ability 
are related to larger practice effects (Dikmen et al., 1999; McCaffrey & Westervelt, 1995; 
Mitrushina & Satz, 1991; Rabbitt, Diggle, Smith, Holland, & Mc Innes, 2001; Rapport et al., 
1997). Moreover, an increasing number of re-administrations (Collie, Maruff, McStephen, & 
Darby, 2003; Ferrer, Salthouse, Stewart, & Schwartz, 2004; Theisen et al., 1998), and shorter 
lengths of the test-retest interval are associated with larger practice effects (Calamia et al., 
2012). 
 Until now, only two studies have addressed retest effects of the latest edition of the 
WMS, the Wechsler Memory Scale – Fourth Edition (WMS-IV), which are reported in the test’s 
Technical Manual (Holdnack & Drozdick, 2009) and in the Advanced Clinical Interpretation 
publication (Holdnack et al., 2013). These studies used the test-retest sample of the U.S. 
WMS-IV, which consists of 244 participants (173 completed the Adult Battery and 71 the 
Older Adult Battery). The WMS-IV was administered twice after test-intervals of 2 to 12 weeks 
(M = 23 days). For the Adult Battery, the test-retest reliability coefficients for the index 
scores ranged between .81 and .83, and average increases ranged from 4.3 points (Visual 
Working Memory Index) to 13.7 points (Delayed Memory Index). For the Older Adult Battery, 
the test-retest reliability coefficients for the index scores ranged from .80 to .87, and average 
increases ranged from 10.6 points (Auditory Memory Index) to 12.4 points (Immediate 
Memory Index). Based on these results, considerable increments in the WMS-IV index 
scores seem to occur after short time intervals of several weeks in a healthy sample. 
Accordingly, Holdnack and colleagues (2013) provided regression equations for all WMS-IV 
indexes and subtests that can be used to predict reliable change in repeated assessments.
 However, it is still unclear whether these performance increments continue to persist 
after longer retest intervals. It has been suggested that practice effects diminish when the 
time passes, but several studies have shown that practice effects may persist over longer 
time intervals up to 7 to 13 years (Basso, Carona, Lowerey, & Axelrod, 2002; Salthouse, 
Schroeder, & Ferrer, 2004; Salthouse & Tucker-Drob, 2008; Salthouse, 2010). With respect to 
previous versions of the WMS, few studies have reported practice effects after long 
test-retest intervals in healthy participants (Chelune, 1993; Dikmen et al., 1999; Lo et al., 
2012; Mitrushina & Satz, 1991). Overall, these studies found that the magnitude of practice 
effects after longer retest intervals varies per subtest (e.g., long lasting practice effects 
were commonly found on the subtests Logical Memory, and Verbal Paired Associates), 
and were also influenced by demographic variables such as age and intelligence (e.g., 
long lasting practice effects were generally seen in younger adults and higher educated 
participants). 
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 The present study examined the test-retest reliability and practice effects of the 
Dutch version of the WMS-IV (WMS-IV-NL: Hendriks, Bouman, Kessels, & Aldenkamp, 2014; 
Wechsler, 2009). Two different test-retest intervals were studies; one group of healthy 
participants was re-examined after a short retest interval (3-16 weeks) and another group 
after a long retest interval (12-24 months). It is expected that the test-retest reliability and 
practice effects after a short retest interval will be comparable to those found in the U.S. 
WMS-IV test-retest sample (Holdnack & Drozdick, 2009; Holdnack et al., 2013). In addition, 
it is expected that the test-retest reliability may be somewhat lower after a long retest 
interval compared to a short retest interval. Moreover, we expect long-lasting learning 
effects on the verbal and visual episodic memory tasks (i.e., Auditory Memory Index, Visual 
Memory Index, Immediate Memory Index and Delayed Memory Index), but not on the 
visual working memory tasks (i.e., Visual Working Memory Index). Furthermore, we 
generated standardized regression-based (SRB) change norms to provide statistical 
directions for detecting significant changes at an individual level for use in clinical practice.
Methods
Participants
The sample consisted of 234 healthy persons (age range 16-90 years, mean age = 59.55, SD 
= 21.36; 100 males) from the WMS-IV-NL standardization sample (Hendriks et al., 2014). 
Participants from different age groups and with different educational levels were recruited 
by trained assessors through their network, via advertisement and via a database of 
Pearson Assessment, the Netherlands. The sample-selection was based on the Dutch 
population according to census results from the Central Office for Statistics of the 
Netherlands (CBS, 2011). The sample was stratified according to age, sex, education level 
and ethnicity; and the participants were only included if they met the inclusion criteria: 
primary language is Dutch; no significant hearing of visual impairment; no psychiatric or 
neurologic disorder, no substance abuse affecting cognitive functioning; and no use of 
medicines affecting cognitive functioning. 
 Of these participants, 134 were reassessed after a short interval of approximately 8.48 
weeks (sd = 3.40, range 3-16 weeks), and 100 were reassessed after a longer interval of 
approximately 17.87 months (sd = 3.48, range 12-24 months). With respect to the frequency 
distribution, neither the short nor the long-interval data were skewed (skewness and 
kurtosis coefficients >-1 and <1). Participant characteristics are summarized in Table 1. The 
WMS-IV-NL standardization study was approved by the Institutional Review Board of 
Radboud University, Nijmegen and written informed consent was obtained. 
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Neuropsychological tests 
All participants were administered the WMS-IV-NL. This memory battery is divided into an 
Adult Battery for use in participants aged 65-90, and an Older Adult Battery for use in 
participants aged 65-90. The WMS-IV-NL Adult Battery comprises one optional subtest, 
the Brief Cognitive Status Exam (BCSE) and a total of six primary subtests of which two 
visual working memory tests: Spatial Addition (SA) and Symbol Span (SSP), and four 
subtests with immediate and delayed recall conditions: Logical Memory I and II (LM), 
Verbal Paired Associates I and II (VPA), Visual Reproduction I and II (VR) and Designs I and II 
(DE). These six primary subtests contribute to five index scores: Auditory Memory (AMI), 
Visual Memory (VMI), Visual Working Memory (VWMI), Immediate Memory (IMI) and 
Delayed Memory (DMI). The WMS-IV-NL Older Adult Battery comprises the BCSE and a 
selection of four primary subtests (SSP, LM, VPA and VR) and four index scores (AMI, VMI, 
IMI and DMI). 
 The Dutch version of the WMS-IV was developed to be equivalent to original 
published U.S. version of this test battery. The nonverbal visual stimuli are identical, and 
the instructions, auditory stimuli and scoring criteria were translated and adapted to the 
Dutch language. Pilot studies (first pilot study N = 60; second pilot study N = 120) were 
performed to check and improve the Dutch language adaptation of the WMS-IV. Moreover, 
an expert group consisting of clinical neuropsychologists from the Netherlands and 
Belgium checked the Dutch adaptation after both pilot studies (see also Hendriks et al., 
2014, for a detailed description of the development of the WMS-IV-NL). Moreover, a 
previous study revealed that the factor structures of the Dutch and U.S. WMS-IV standard-
ization samples were invariant, which strengthens the case of equivalence (Bouman, 
Hendriks, Kessels, & Aldenkamp, 2015). 
Also, the Dutch version of the National Adult Reading Test (NART) was used as an estimate 
of intelligence (IQ) Nelson & Wilson. 1991; Schmand. Lindeboom, & Van Harskamp, 1992).
Procedures
Administration of the WMS-IV-NL was performed in accordance with the test’s manual 
(Hendriks et al., 2014; Wechsler, 2009). The trained assessors were neuropsychologists or 
research assistants who completed an interactive training about the WMS-IV-NL 
administration and scoring. Moreover, their performance was monitored and evaluated 
before and at multiple times during the study. The standardization study was of the 
WMS-IV-NL was accomplished by 93 independent trained assessors, the short-term retest 
assessment was performed by 31 assessors, and the long-term retest assessment was 
performed by 9 assessors. All participants in the short-term group were tested by the 
same assessor twice. However, due to logistic constraints, only 21 participants in the 
long-term retest group were tested by the same assessor twice1. 
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Statistical analyses  
Demographic variables were compared for the groups who were re-evaluated after a 
short or a long retest interval using analyses of variance (age and NART IQ) and chi-squared 
tests (sex and education level). For all analyses we used the scaled scores to enhance the 
comparability to the test-retest studies reported for the U.S. WMS-IV (Holdnack & Drozdick, 
2009; Holdnack et al., 2013). Also, these age-corrected scores are more insightful for 
clinicians. All analyses were performed using the Statistical Package for Social Sciences 
(SPSS) version 19.0, and all effects are reported as significant at p < .05.
 Test-retest reliability of the WMS-IV-NL was assessed by Pearson correlation 
coefficients between the scores from the baseline and re-evaluations (i.e., short- and 
long-term intervals). Moreover, the reliability coefficients of the short-term retest group 
were compared to the test-retest reliabilities reported in the U.S. WMS-IV-NL Technical 
Manual (Holdnack & Drozdick, 2009) using Fisher r-to-z transformation.
 To examine the practice effects, we conducted a number of steps. First, we compared 
the baseline-measures of the short- and long-term retest groups using a one-way 
between-groups multivariate analysis of variance (MANOVA) with Interval (2 levels: short 
vs. long) as between-subject factor and baseline-measures of the index scores (5 levels: 
AMI, VMI, VWMI, IMI and DMI) as dependent variables. Next, in order to study whether the 
short- and long-term retest groups showed different performance increments across 
time, we conducted a mixed between-within subjects MANOVA with Interval (2 levels: 
short vs. long) as the between-subject factor, Time (2 levels: baseline vs. re-evaluation) as 
the within-subject factor, and Index Scores (5 levels: AMI, VMI, VWMI, IMI and DMI) as 
dependent variables. Subsequently, we performed paired samples t-tests for the separate 
groups (i.e., short- and long-term retest) with Time (2 levels: baseline vs. re-evaluation) as 
within-subject factor and each of the five WMS-IV-NL index scores as dependent variable 
(Corrected alpha of 0.01 to reduce the risk of Type I errors). 
 In addition, we used a multivariate standard regression-based (SRB) approach to 
determine reliable change on the WMS-IV-NL index scores after short- and long-term 
retest intervals. According to the procedure described by McSweeney, Naugle, Chelune, 
and Luders (1993), multiple regression analyses were employed to derive equations for 
predicting WMS-IV-NL index scores at re-evaluation from baseline test performance and 
other predictors. Specifically, hierarchical regression models were performed with the 
retest WMS-IV-NL index score as dependent variable, and baseline scores, test-retest 
interval (days), and demographic variables (age, education level, and sex) as predictors. 
Education level (low, average, high) was classified according to the Central Office for 
Statistics of the Netherlands (CBS, 2011), which is based on the International Standard 
Classification of Education (ISCED: United Nations Educational, Scientific and Cultural 
Organization Institute for Statistics (UNESCO-UIS, 2011). Only predictor variables that were 
significant at the 0.05 level were retained in the model. Next, the intercept and regression 
coefficients form these models were used to estimate the predicted retest index scores 
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for all participants, and the 90% and 95% confidence intervals were applied to all 
individual’s to determine base rates of significant improvements, declines, and stability on 
the WMS-IV-NL scores (see also a procedure utilized by Temkin, Heaton, Grant, & Dikmen, 
1999). 
Results
The groups did not significantly differ with respect to age, sex distribution, education level 
and NART IQ score (p < .05) (see Table 1). 
Test-retest reliability
The mean WMS-IV-NL index scores across time for both the short- and long-term retest 
groups are presented in Table 2. Additionally, the mean WMS-IV-NL subtest scores across 
time for the short- and long-term retest groups can be found in Supplementary Table 1. 
The correlations between the scores from the baseline and re-evaluations were all 
significant (p < .001). Specifically, for the short retest interval, we found adequate to good 
correlations for the WMS-IV-NL index scores (ranging from r = .74 for VMI Adult Battery to 
r = .86 for AMI Older Adult Battery), with the exception of the VWMI in the Adult Battery (r 
= .59). With the exception of the VWMI in the Adult Battery, all reliability coefficients are 
comparable to the test-retest reliabilities reported in the U.S. WMS-IV-NL Technical Manual 
(p < 0.05) (Holdnack & Drozdick, 2009). For the long retest interval, we found somewhat 
lower (but not statistically different) correlations on most index scores (ranging from r = 
.56 for VWMI Adult Battery to .77 for VMI Adult Battery) (see Table 2). 
Practice effect 
Adult Battery 
Table 2 shows the mean WMS-IV-NL Adult Battery index scores across time for both 
groups (i.e., short- and long-term intervals). The groups (Interval: short vs. long) did not 
differ significantly at the baseline-measures.  
 The mixed factor MANOVA revealed a significant main effect for Interval (F(1, 112) = 
9.13, p <.003, η
p
2 = .08), with participants who were re-evaluated after the short retest 
interval performing significantly higher than participants who were re-evaluated after the 
long retest interval (p < .001). In addition, a main effect of Time (F(1, 112) = 48.48, p <.001, 
η
p
2 = .30) was observed. Contrast analyses revealed that overall, participants performed 
better at the re-evaluation than at the baseline measure (p < .001). No significant main 
effect was found for Index Scores (F(2.092, 234.345) = 2.42, η
p
2 = .02). 
 Additionally, the interaction effect of Interval × Index Scores was not significant, 
F(2.092, 268.207) = 3.15, η
p
2 =.03. Interval and Time showed significant interactions, F(1, 112) 
= 35.74, p <.001, η
p
2 = .24. That is, participants who were re-evaluated after the short retest 
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interval performed better the second time (p < .001), whereas the performance of 
participants who were re-evaluated after the long retest interval did not differ between 
the two assessments. Also, the interaction between Time and Index Scores was significant, 
F(2.395, 268.207) = 3.15, p <.036, η
p
2 = .03. The three-way interaction Interval × Time × Index 
Scores was not significant, F(2.395, 268.207) = 2.22, p = .101, η
p
2 =.02. Subsequently, Table 2 
shows that with the exception of the VWMI, performance on all index scores increased 
significantly from baseline to re-evaluation after a short interval. Specifically, the overall 
group showed a mean increase of approximately 10, 9, 4, 11 and 10 points on AMI, VMI, 
VWMI, IMI and DMI, respectively. In contrast, the performance on all WMS-IV-NL index 
scores did not differ between the baseline and re-evaluation assessment after a long 
interval (mean overall group difference between -1 and 1 points). Supplementary Table 2 
shows the percentages of participants gaining 5, 10, 15, 20, 25 and 30 points per Index 
Score. 
Older Adult Battery 
Table 2 shows the mean WMS-IV-NL Older Adult Battery index scores across time for both 
groups (i.e., short- and long-term intervals). A significant main effect of Interval (short vs. 
Table 2    Mean WMS-IV-NL index scores across time for both groups  
(i.e., short- and long-term intervals). 
Short retest interval Long retest interval diff Baseline measures diff r*
Baseline Re-evaluation r t p ηp
2 Baseline Re-evaluation r t p ηp
2 F p ηp
2 z p
Adult Battery 
AMI 101.38 (15.05) 111.73 (14.66) .81 -8.84 <.001 .55 102.44 (15.49) 103.68 (13.59) .66 -.85 .399 .01 .14 .707 .00 1.75 .080
VMI 103.11 (13.60) 111.67 (13.63) .74 -6.94 <.001 .43 98.62 (15.56) 98.72 (15.67) .77 -.24 .812 .00 2.79 .097 .02 -.37 .711
VWMI 103.03 (13.65) 107.52 (13.68) .59 -2.84 .006 .11 98.90 (14.59) 99.90 (13.85) .56 -.37 .713 .00 2.50 .116 .02 .24 .810
IMI 101.65 (13.70) 112.94 (13.76) .76 -9.27 <.001 .58 100.02 (15.08) 101.00 (13.89) .73 -.75 .456 .01 .38 .540 .00 .35 .726
DMI 103.56 (13.88) 113.94 (14.13) .79 -8.94 <.001 .56 101.23 (16.23) 101.92 (15.06) .69 -.43 .672 .00 .71 .403 .01 1.17 .242
Older Adult Battery 
AMI 98.24 (16.22) 104.10 (15.89) .86 -5.68 <.001 .33 104.31 (14.61) 101.96 (16.77) .61 1.36 .180 .04 4.28 .041 .04 3.01 .003
VMI 99.56 (13.11) 108.19 (13.16) .72 -7.22 <.001 .44 100.81 (16.77) 103.75 (15.15) .58 -1.04 .304 .02 .20 .653 .00 1.26 .208
IMI 98.56 (15.78) 106.09 (16.05) .80 -6.21 <.001 .37 105.82 (14.78) 103.21 (14.44) .70 1.15 .256 .03 4.43 .038 .04 1.19 .234
DMI 98.32 (14.21) 106.74 (14.67) .82 -7.94 <.001 .49 102.79 (15.43) 102.46 (16.61) .68 .32 .7484 .00 2.59 .110 .02 1.69 .091
Note: * Differences between test-retest reliability coefficients of the short-retest and the long-retest interval 
groups calculated using Fisherman’s z transformation
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long) was found for the baseline-measures, F(4, 111) = 3.24, p < .015, η
p
2 = .10, with the 
long-term retest group performing significantly higher at the baseline-measures of AMI, 
IMI and DMI. 
 The mixed factor MANOVA revealed a significant main effect for Time (F(1, 110) = 17.69, 
p <.001, η
p
2 = .14). Contrasts revealed that participants performed better at the re-evaluation 
than at the baseline measure (p < .001). No significant main effects were found for either 
Interval, F(1, 110) = .08, η
p
2 < .001, nor Index Scores, F(1.368, 150.533) = .43, η
p
2 < .004. 
 Additionally, The interaction effect of Interval × Index Scores was not significant 
F(1.368, 150.533) = 1.55, η
p
2 =.01. Interval and Time showed significant interactions, F(1, 110) 
= 27.73, p <.001, η
p
2 = .18. That is, participants who were re-evaluated after the short retest 
interval performed better the second time (p < .001), whereas the performance of 
participants who were re-evaluated after the long retest interval did not differ between 
the two assessments. Also, the interaction between Time and Index Scores was significant, 
F(1.662, 182.782) = 5.48, p <.008, η
p
2 = .05. The three-way interaction Interval × Time × Index 
Scores was not significant, F(1.662, 182.782) = 1.21, η
p
2 =.01. Furthermore, Table 2 shows that 
the performance on all index scores increased significantly from baseline to re-evaluation 
after a short interval. Specifically, the participants showed a mean overall group increase 
Table 2    Mean WMS-IV-NL index scores across time for both groups  
(i.e., short- and long-term intervals). 
Short retest interval Long retest interval diff Baseline measures diff r*
Baseline Re-evaluation r t p ηp
2 Baseline Re-evaluation r t p ηp
2 F p ηp
2 z p
Adult Battery 
AMI 101.38 (15.05) 111.73 (14.66) .81 -8.84 <.001 .55 102.44 (15.49) 103.68 (13.59) .66 -.85 .399 .01 .14 .707 .00 1.75 .080
VMI 103.11 (13.60) 111.67 (13.63) .74 -6.94 <.001 .43 98.62 (15.56) 98.72 (15.67) .77 -.24 .812 .00 2.79 .097 .02 -.37 .711
VWMI 103.03 (13.65) 107.52 (13.68) .59 -2.84 .006 .11 98.90 (14.59) 99.90 (13.85) .56 -.37 .713 .00 2.50 .116 .02 .24 .810
IMI 101.65 (13.70) 112.94 (13.76) .76 -9.27 <.001 .58 100.02 (15.08) 101.00 (13.89) .73 -.75 .456 .01 .38 .540 .00 .35 .726
DMI 103.56 (13.88) 113.94 (14.13) .79 -8.94 <.001 .56 101.23 (16.23) 101.92 (15.06) .69 -.43 .672 .00 .71 .403 .01 1.17 .242
Older Adult Battery 
AMI 98.24 (16.22) 104.10 (15.89) .86 -5.68 <.001 .33 104.31 (14.61) 101.96 (16.77) .61 1.36 .180 .04 4.28 .041 .04 3.01 .003
VMI 99.56 (13.11) 108.19 (13.16) .72 -7.22 <.001 .44 100.81 (16.77) 103.75 (15.15) .58 -1.04 .304 .02 .20 .653 .00 1.26 .208
IMI 98.56 (15.78) 106.09 (16.05) .80 -6.21 <.001 .37 105.82 (14.78) 103.21 (14.44) .70 1.15 .256 .03 4.43 .038 .04 1.19 .234
DMI 98.32 (14.21) 106.74 (14.67) .82 -7.94 <.001 .49 102.79 (15.43) 102.46 (16.61) .68 .32 .7484 .00 2.59 .110 .02 1.69 .091
Note: * Differences between test-retest reliability coefficients of the short-retest and the long-retest interval 
groups calculated using Fisherman’s z transformation
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of approximately 6, 9, 8 and 8 points on AMI, VMI, IMI and DMI, respectively. In contrast, the 
performance on all index scores did not differ between the baseline and re-evaluation 
assessment after a long interval (overall group mean differences between -4 and 2 points).
Regression-based measures for change 
Results of the regression analyses for predicting retest scores on the WMS-IV-NL index 
scores are provided in Table 3. In addition, regression-based results for the WMS-IV-NL 
subtest scores after a short- and a long-term retest interval can be found in Supplementary 
Table 3 and 4. Baseline performance was a significant predictor of the retest score for all 
WMS-IV-NL index scores in both batteries after both short-term and long-term retest 
intervals. The other predictors were only entered in a selection of equations (see Table 3): 
age accounted for <5% of the statistical variance in the two equations; and sex accounted 
for <5.2 % of the statistical variance in the equation for VWMI in the Adult Battery after a 
long retest interval. Moreover, the variables test-retest interval and education level did not 
meet the criteria for inclusion as predictor in any of the regression equations. In order to 
calculate the predicted retest score, clinicians may use the regression equations provided 
in Table3. 
 Next, the following equation was used to calculate standardized z-scores: z-score = 
(Y
o
 – Y
p
)/SE
est
, where Y
o 
is the observed retest score, Y
p 
is the predicted retest score, and SE
est 
is the standard error of the estimate from the regression analysis. These z-scores provide 
individual level determination of change, and z-scores exceeding ± 1.64 are significant 
with an 90% confidence interval and those exceeding ± 1.96 are significant with a 95% 
confidence interval. The base rates of these confidence intervals for the WMS-IV-NL index 
scores are presented in Table 4. 
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Discussion
The present study provides test-retest reliability estimates, examined practice effects and 
presented SRB change norms for the WMS-IV-NL Adult and Older Adult Batteries using 
large independent samples of healthy participants who were re-assessed either after a 
short retest-interval (3-16 weeks) or a long retest-interval (12-24 months). To our knowledge, 
this study is the first to examine the magnitude of test-retest reliability and practice effects 
for the WMS-IV over longer time intervals than 3 months.  
 Consistent with the results reported in the Technical Manual of the U.S. WMS-IV 
(Holdnack & Drozdick, 2009), short-term test-retest reliability estimates for most of the 
WMS-IV-NL index scores were adequate to good, with the exception of a low test-retest 
reliability for the VWMI in the Adult Battery. Long-term test-retest reliability coefficients 
were generally lower than the short-term estimates, which is in agreement with the 
notion that test-retest reliability decreases as the retest interval is longer (Domino & 
Domino, 2006). With respect to previous versions of the Wechsler Memory Scales, poor 
test-retest reliability estimates were reported after a longer retest interval for the WMS 
(Haltstead-Reitan Neuropsychological Test Battery/WMS: Dikmen et al., 1999) and WMS-III 
(Lo et al., 2012). Furthermore, similar findings were demonstrated for the Auditory Verbal 
Learning Test (Geffen, Butterworth, & Geffen, 1994; Uchiyama et al., 1995) and Hopkins 
Verbal Learning Test (Rasmusson, Bylsma, & Brandt, 1995).
 As expected, practice effects for the WMS-IV-NL index scores were most prominent 
after a short retest interval. Upon re-examination after such short time periods, healthy 
participants seem to benefit greatly from the first administration. In agreement with 
previous work (Basso et al., 2002; Holdnack & Drozdick, 2009; Lo et al., 2012; Wechsler, 1997), 
no significant practice effects were observed for the working memory measure. 
Furthermore, we found that practice effects were more pronounced in the Adult Battery 
than in the Older Adult Battery (McCaffrey et al., 1993; McCaffrey & Westervelt, 1995; 
Mitrushina & Satz, 1991; Tulsky & Zhu, 1997). Presumably, healthy participants with optimal 
memory function are able to remember specific stimuli of the episodic memory subtests 
or effective test-taking strategies which may have resulted in performance increments. 
Furthermore, they may have benefitted from familiarity with the test procedure (Anastasi 
& Urbina, 1997; Calamia et al., 2012). 
 Our findings extend those of previous research (Holdnack & Drozdick, 2009; Holdnack 
et al., 2013) in that we examined repeated assessments of the WMS-IV-NL Adult and Older 
Adult Batteries after a long retest interval, whereas previous studies only used 
re-assessments up to 3 months. We found no evidence for practice effects for the 
long-term retest group. That is, performance on all WMS-IV-NL index scores remained 
stable across the baseline and re-evaluation after a long interval from 12 to 24 months 
(overall group mean differences between -1 to 1). This suggests that the performance on 
the WMS-IV-NL after a long retest-interval of 12-24 months is influenced to a lesser extent T
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by factors such as recollection of specific test items, test-taking strategies or familiarity 
with the test-occasion. In future, it would be interesting to evaluate whether such a long 
time interval may also diminish effects of practice in other neuropsychological measures. 
 For clinicians who are interested in determining whether a patient’s change in 
performance on the WMS-IV-NL index scores is clinically meaningful and reliable, we have 
provided SRB equations in Table 3. These SRB equations correct for practice effects by 
using an individual’s baseline performance as a predictor of the retest WMS-IV-NL index 
score (Duff, 2012; Temkin et al., 1999). Moreover, it is possible to correct for other 
demographic variables that could potentially impact memory performance at 
re-evaluation, such as the test-retest interval, age, education level and sex. One could 
argue that simple reliable change approaches that reveal cut-offs may be more easily used 
in clinical practice, however, they do not correct for practice effects, regression to the 
mean and other potential predictors. Furthermore, another advantage of SRB change 
norms is that they are converted into z-scores, i.e., a common metric that allows us to 
make direct comparisons of changes in performance across different neuropsychological 
tests (Duff, 2012). 
 Also, we took into account other variables, such as test-retest interval and the 
demographic variables age, education level, and sex. These variables may affect repeated 
assessments using memory tests. Our results show that these variables did not have 
significant effects on most of the regression equations in our study. These findings are in 
agreement with several previous studies reporting that baseline measures alone predict a 
large amount of the variance and that subsequent variables (e.g., retest interval and 
demographics) predict none or only small amounts of the variance (Temkin et al., 1999). 
 One potential confound of the current study is that the short interval group was 
assessed by the same examiner twice, whereas the assessments in the long term group 
were mainly performed by two different examiners. However, because there were no 
differences in gains when the WMS-IV-NL was administered twice by the same examiner 
or by two different examiners, it is unlikely that this has influenced the results. Furthermore, 
assignment of participants to either the short- or long-retest interval group was done 
pseudo-randomly; first, the short-interval substudy was performed by asking participants 
in the normative sample whether they were willing to take part in this test-retest study 
(based on stratification criteria and availability). Subsequently, the long-interval substudy 
was performed in a similar manner (only excluding participants who already took part in 
the short-delay study).
 A limitation of our study was that we found significant differences in the base-
line-measures of the short-term and long-term retest groups for the WMS-IV-NL Older 
Adult Battery. Because of the pseudo-random group assignment, we cannot think of a 
potential bias that could have caused these baseline differences. Note, however, that this 
baseline differences are taken into account statistically in the newly performed regression 
analyses.  Another limitation of this study is the broad time window for the long-interval 
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group. It would be a recommendation for further research to examine a retest interval as 
a continuous variable, making it possible to determine whether the gain in test 
performance reaches an asymptote and is no longer clinically meaningful. 
 A further limitation of the WMS-IV is that no alternate forms are available for this 
memory battery. Alternate forms of episodic memory tests may reduce the confounding 
practice effects as they intercept the recollection of specific items (Benedict, 2005; 
Benedict & Zgaljardic, 1998). Examples of memory tests with alternate forms are the 
California Verbal Learning Test –II (Delis, Kaplan, Kramer, & Ober, 2000) and the Rivermead 
Behavioural Memory Test – Third Edition (Wilson et al., 2008). Although it is well known 
that alternate forms cannot eliminate practice effects because other factors such as 
recollection of test demands, effective test-taking strategies or familiarity with the 
test-procedure influence the effects of practice (Anastasi et al., 1997; Beglinger et al., 2005; 
Calamia et al., 2012), it is suggested to use memory tests with alternative forms when a 
short retest interval is required.  
 In conclusion, the findings of this study show that the WMS-IV-NL has an adequate 
test-retest reliability. Since the authorised Dutch version of the WMS-IV and the original 
U.S. version are highly equivalent, our results are likely to apply to the U.S. version and 
other language versions of the WMS-IV as well. In line with this notion, the findings 
corroborate previously observed practice effects on the WMS-IV after a short time interval 
(Holdnack & Drozdick, 2009), but no evidence for practice effects were found after a long 
time interval of 12 to 24 months. Furthermore, practice effect-adjusted SRB change norms 
were provided for the WMS-IV-NL.  
Note
1 To examine whether the performance increments differed when the WMS-IV-NL was 
administered twice by the same examiner or by different examiners, we conducted a 2 × 
2 × 5 mixed factor multivariate analysis of covariance (MANCOVA) was performed with 
Examiner (2 levels: same vs. different) as the between-subject factor, Time (2 levels: 
baseline vs. re-evaluation) and Index Scores (5 levels: AMI, VMI, VWMI, IMI and DMI) as the 
repeated factors, and Interval (short vs. long) as the covariate. In both the Adult and Older 
Adult Batteries, no significant main effect was found for Examiner, nor were there 
significant interaction effects for Time × Examiner, Index Scores × Examiner or Time × 
Index Scores × Examiner (p > .05). This indicates that there is no difference in performance 
increments when the WMS-IV-NL is administered twice by the same examiner or by two 
different examiners. 
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Supplementary Table 1   Mean WMS-IV-NL subtest scores across time for both groups  
(i.e., short- and long-term intervals).
Short retest interval Long retest interval diff Baseline measures diff r *
Baseline Re-evaluation r t p ηp
2 Baseline Re-evaluation r t p ηp
2 F p ηp
2 z p
Adult Battery 
LM I 10.09 (3.32) 11.34 (2.96) .75 -4.21 <.001 .21 10.71 (3.10) 10.38 (2.79) .56 .74 .466 .01 1.08 .301 .01 1.79 .074
LM II 10.29 (3.14) 12.16 (3.01) .79 -7.46 <.001 .46 10.64 (3.18) 10.94 (2.60) .54 -.88 .383 .02 .35 .555 .00 2.45 .014
VPA I 10.30 (2.82) 12.52 (2.99) .61 -7.12 <.001 .44 10.08 (2.57) 10.54 (2.67) .70 -1.49 .143 .04 .20 .654 .00 -.83 .407
VPA II 10.20 (2.85) 11.52 (2.48) .51 -4.02 <.001 .20 10.14 (2.84) 10.56 (2.76) .63 -1.19 .240 .03 .01 .906 .00 -.94 .347
VR I 10.06 (2.85) 12.19 (2.42) .56 -6.93 <.001 .43 9.62 (2.82) 10.84 (3.14) .63 -3.35 .002 .18 .72 .399 .01 -.57 .569
VR II 10.55 (3.06) 12.44 (2.91) .60 -5.95 <.001 .35 10.04 (3.31) 10.52 (3.47) .56 -.99 .328 .02 .74 .391 .01 -1.35 .177
DE I 10.52 (2.70) 11.23 (3.06) .53 -1.89 .063 .05 9.69 (3.28) 8.88 (3.25) .59 1.97 .055 .07 2.24 .138 .02 -.46 .646
DE II 10.89 (2.91) 11.50 (2.93) .77 -2.26 .027 .07 9.77 (3.10) 8.94 (3.24) .60 1.88 .066 .07 4.10 .045 .03 1.72 .085
SA 10.41 (3.18) 11.70 (3.14) .52 -3.23 .002 .14 9.54 (3.42) 10.24 (3.09) .60 -1.58 .120 .05 2.04 .156 .02 .14 .889
SSP 10.55 (2.34) 10.70 (2.41) .59 -.52 .605 .00 10.06 (2.74) 9.70 (2.51) .41 1.02 .313 .02 1.09 .300 .01 1.27 .204
Older Adult Battery 
LM I 9.32 (3.11) 10.27 (3.27) .79 -3.75 <.001 .17 11.23 (2.88) 10.59 (3.08) .60 2.17 .036 .10 11.23 .001 .09 1.95 .051
LM II 9.47 (3.05) 10.96 (3.01) .73 -5.53 <.001 .31 11.05 (2.85) 10.66 (3.01) .43 .91 .371 .02 7.88 .006 .07 2.42 .016
VPA I 9.84 (3.20) 10.75 (3.07) .77 -3.53 .001 .16 10.48 (2.95) 9.75 (2.97) .50 1.09 .281 .03 .28 .275 .01 2.43 .015
VPA II 10.06 (3.06) 10.63 (2.97) .67 -1.94 .056 .05 10.19 (3.11) 10.09 (3.58) .50 .04 .966 .00 .05 .825 .00 1.35 .177
VR I 10.07 (2.92) 11.56 (2.68) .65 -5.19 <.001 .29 10.27 (3.44) 11.00 (2.84) .60 -1.61 .114 .05 .11 .740 .00 .42 .675
VR II 9.75 (2.41) 11.56 (2.68) .63 -6.36 <.001 .38 10.06 (3.17) 10.39 (3.16) .53 -.32 .753 .00 .36 .547 .00 .78 .435
SSP 10.34 (3.12) 10.37 (2.95) .59 -.09 .930 .00 9.75 (2.56) 9.30 (3.24) .51 1.37 .178 .04 1.15 .285 .01 .59 .555
Note: * Differences between test-retest reliability coefficients of the short-retest and the long-retest interval 
groups calculated using Fisherman’s z transformation.
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Supplementary Table 3   Regression coefficients and indices of significance for the 
WMS-IV-NL subtests after a short time interval. 
Short interval R SE
est
Constant β
baseline
β
testinterval
β
age
β
education
β
sex
Adult Battery 
LM I .75 1.98 4.523 0.667 - - - -
LM II .79 1.85 4.429 0.748 - - - -
VPA I .61 2.36 5.994 0.636 - - - -
VPA II .51 2.13 7.010 0.443 - - - -
VR I .56 2.08 7.402 0.483 - - - -
VR II .60 2.35 6.564 0.564 - - - -
DE I .65 2.38 8.622 0.513 - -0.068 - -
DE II .77 1.87 3.108 0.770 - - - -
SA .52 2.71 6.300 0.512 - - - -
SSP .59 1.93 4.336 0.602 - - - -
Older Adult Battery 
LM I .79 2.02 2.517 0.831 - - - -
LM II .73 2.06 4.123 0.721 - - - -
VPA I .79 1.90 8.984 0.755 - -0.073 - -
VPA II .71 2.13 10.268 0.660 - -0.081 - -
VR I .65 2.06 5.553 0.596 - - - -
VR II .63 2.11 4.665 0.696 - - - -
SSP .59 2.40 4.614 0.557 - - - -
Note: SEest = standard error of the estimate; β = unstandardized beta (slope); Testinterval was measured in 
days; Age was measured in years; Education level was coded 1: low, 2: average, 3: high; Sex was coded 1: male, 
2: female. 
All equations use age adjusted standard scores.
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Supplementary Table 4   Regression coefficients and indices of significance for the 
WMS-IV-NL subtests after a long time interval. 
Short interval R SE
est
Constant β
baseline
β
testinterval
β
age
β
education
β
sex
Adult Battery 
LM I .56 2.47 4.673 0.537 - - - -
LM II .54 2.35 6.142 0.464 - - - -
VPA I .70 2.09 2.703 0.776 - - - -
VPA II .63 2.26 4.015 0.644 - - - -
VR I .71 2.29 7.243 0.721 - - - -2.125
VR II .63 2.78 7.373 0.671 - - - -2.247
DE I .59 2.65 3.266 0.580 - - - -
DE II .60 2.68 2.830 0.634 - - - -
SA .66 2.35 2.705 0.539 - - 1.110 -
SSP .41 2.32 5.843 0.379 - - - -
Older Adult Battery 
LM I .60 2.49 3.326 0.647 - - - -
LM II .43 2.76 5.695 0.450 - - - -
VPA I .50 2.76 4.349 0.539 - - - -
VPA II .50 3.15 4.335 0.572 - - - -
VR I .60 2.29 5.912 0.489 - - - -
VR II .53 2.91 4.537 0.564 - - - -
SSP .51 2.85 2.793 0.654 - - - -
Note: SEest = standard error of the estimate; β = unstandardized beta (slope); Testinterval was measured in 
days; Age was measured in years; Education level was coded 1: low, 2: average, 3: high; Sex was coded 1: male, 
2: female. 
All equations use age adjusted standard scores.
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Abstract 
Background The objective of the current study was to validate three short forms of the 
Dutch version of the Wechsler Memory Scale – Fourth Edition (WMS-IV-NL) in a mixed 
clinical sample. 
Methods A sample of 235 patients completed the full WMS-IV-NL. The three short forms 
were based on the WMS-IV-NL Flexible Approach, that is, a 3-subtest combination of 
Logical Memory, Verbal Paired Associates and Visual Reproduction, referred to as the 
Older Adult Battery for Adults (OAA) and two 2-subtest combinations, namely a 
combination of Logical Memory and Visual Reproduction (LMVR) and a combination of 
Logical Memory and Designs (LMDE). Immediate (IMI), Delayed (DMI), Auditory (AMI) and 
Visual (VMI) Memory Indices were estimated using all three short forms and their reliability, 
clinical validity and predictive accuracy were evaluated.
Results All short forms showed good reliability coefficients for predicting the IMI, DMI, 
AMI and VMI. As expected, for adults (16-69 years old) the 3-subtest short form was 
consistently more accurate (predictive accuracy ranged from 73% to 100%) than both 
2-subtest short forms (range = 61% to 80%). Furthermore, for older adults (65-90 years old) 
the predictive accuracy of the 2-subtest short form ranged from 75% to 100%.
Conclusions These results suggest that caution is warranted when using the WMS-IV-NL 
Flexible Approach short forms to estimate all four indices.
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Introduction
Assessment of memory functioning is a core component of neuropsychological 
evaluations. A wide variety of memory tests and batteries exists (see Lezak et al., 2012, for 
a comprehensive overview), but the Wechsler Memory Scale (WMS) is one of the most 
widely used memory batteries internationally (Rabin, Barr, & Burton, 2005). The latest 
edition of the WMS, the Wechsler Memory Scale – Fourth Edition (WMS-IV), consists of an 
Adult Battery for participants aged 16-69 years old and an Older Adult Battery for 
participants aged 65-90 years old. Moreover, three subtests were altered from subtests 
from previous versions of the WMS (i.e., three primary subtests: Logical Memory (LM), 
Verbal Paired Associates (VPA) and Visual Reproduction (VR)) and four subtests that were 
newly developed (i.e., one optional subtest: Brief Cognitive Status Exam (BCSE), and three 
primary subtests: Designs (DE), Spatial Addition (SA) and Symbol Span (SSP). The six 
primary subtests can be used to assess indices for Immediate Memory (IMI), Delayed 
Memory (DMI), Auditory Memory (AMI), Visual Memory (VMI) and Visual Working Memory 
(VWMI). Hence, the complete WMS-IV is an extensive test battery which provides detailed 
information of different aspects of memory functioning (Wechsler, 2009). 
 However, the relatively long administration time of the WMS-IV and its predecessors 
have been criticized. According to the test’s manual, the administration time takes 
approximately 90 minutes at the 75th percentile in healthy adults, but can take up to over 
two hours in patients with cognitive impairment (Axelrod, 2001; Groth-Marnat, 2009; 
Miller, Axelrod, Rapport et al., 2012; Wechsler, 2009). Although the full WMS-IV, with its long 
administration time, ensures that the core memory functions are assessed in an adequate 
and reliable manner, there is still a demand for short forms in clinical practice. Administration 
of the full WMS-IV in clinical practice is sometimes not feasible due to several reasons, such 
as patient’s fatigue, frustration and agitation when the patient is tested for several hours 
consecutively, or external constraints on the amount of time for a neuropsychological 
assessment of a broad spectrum of cognitive domains including memory. 
 In response to requests for short forms, the test developers designed the WMS-IV 
Flexible Approach to make short forms available and ‘expand the usability and utility of 
the WMS-IV’ (Wechsler, 2010; p. 1). The WMS-IV Flexible Approach uses the primary 
subtests to generate three shorter memory assessments which still maintain four index 
scores: AMI, VMI, IMI and DMI. First, a 3-subtest short form including the subtests LM, VPA 
and VR (i.e. the Older Adult Battery for Adults (OAA). Second, a 2-subtest short form 
including the subtests LM and VR (LMVR). Third, a 2-subtest short form including the 
subtests LM and DE (LMDE). With regard to the length of time required for administration 
of these short forms, the WMS-IV manual states that the time required is approximately 60 
minutes for the OAA, 30 minutes for the LMVR and 45 minutes for the LMDE at the 90th 
percentile in patients with cognitive impairment (Hendriks et al., 2014; Wechsler, 2009). 
Notably, because the full WMS-IV Older Adult Battery (65-90) does not contain all available 
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WMS-IV subtests, only the LMVR short form was evaluated in older adults of 65-90 years 
old. See Table 1 for an overview of subtests comprising the actual WMS-IV-NL and the 
three short forms. Besides these short forms which are comprised of the WMS-IV primary 
subtests, in the United States there is also a possibility to generate two alternate memory 
assessments by using two supplementary subtests (Logos and Names). However, these 
are not included in the current study (see the WMS-IV Flexible Approach Manual by 
Wechsler, 2010, for a detailed description on these two alternate forms). The purpose of 
the current study was to examine the accuracy and clinical utility of the three above 
mentioned short forms using the Dutch version of the WMS-IV (WMS-IV-NL: Hendriks et 
al., 2014; Wechsler, 2009). 
 Previous independent research has developed and examined the use of various 
shortened versions of the Wechsler Memory Scale – Revised (WMS-R: Wechsler, 1987; e.g., 
Axelrod, Woodard, Putnam & Adams, 1996; Cañizares et al., 2000; Hoffman, Tremont, Scott, 
Adams, & Mittenberg, 1997; Woodard & Axelrod, 1995) and Wechsler Memory Scale – Third 
Edition (WMS-III: Wechsler, 1997; e.g., Axelrod, Ryan, & Woodard, 2001; Axelrod & Woodard, 
2000). Overall, these studies resulted in high predictive accuracies for short forms that 
include three or more subtests. The percentage of individuals falling within 6 points 
(2 standard errors of measurement: SEMs) of the actual WMS scores or falling within the 
same Wechsler classification ranged from 85-100%, with most studies revealing 
percentages of ≥ 90%. Moreover, these previous findings suggest that the predictive 
accuracies of short forms decrease with a reduced number of subtests. Accordingly, the 
predictive accuracies of short forms that include only two subtests varied widely across 
different studies. For the 2-subtest short forms, the percentage of individuals falling within 
6 points of the actual WMS scores or falling within the same Wechsler classification ranged 
from 55-93%.
 As the WMS-IV has changed considerably with respect to its predecessors, the 
findings on short forms of previous WMS versions cannot be applied to the WMS-IV. So far, 
however, only two studies have examined whether the IMI and the DMI could be reliably 
predicted using a parsimonious selection of WMS-IV subtests (Miller, Axelrod, Rapport, et 
al., 2012; Miller, Axelrod, & Schutte, 2012). Again, 3-subtest short forms were found more 
accurate than 2-subtest short forms. Miller, Axelrod, Rapport, et al. (2012) showed that the 
3-subtest short form (LM, VPA and VR) resulted in 97% and 96% of the sample falling within 
8 points (2 SEMs) of actual IMI and DMI. In contrast, the 2-subtest short form (LM and VR) 
resulted in 76% and 78% respectively. In addition, Miller, Axelrod, and Schutte (2012) 
revealed similar results with demographically corrected WMS-IV scores which can be 
calculated using the WMS-IV Advanced Clinical Solutions (see Holdnack & Drozdick, 2009). 
The 3-subtest short form resulted in 95% and 98% of the sample falling within 6 points of 
actual IMI and DMI; the 2-subtest short form (LM and VR) resulted in 74% and 79% 
respectively; and another 2-subtest short form (VPA and VR) resulted in 82% for the 
estimation of both IMI and DMI. 
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 However, previous study designs have not studied whether the AMI and the VMI 
could be predicted using short forms. Furthermore, the subtest DE was not taken into 
account in these previous studies. In the present study, we examined the validity of the 
three WMS-IV-NL Flexible Approach short forms for estimating four WMS-IV-NL indices 
(i.e., IMI, DMI, AMI and VMI) in a mixed clinical sample.
Methods
Participants
The sample consisted of 235 patients in whom the WMS-IV-NL was administered as part 
of an extensive neuropsychological evaluation in several centres in the Netherlands and 
Belgium 1. One hundred eighty-two patients completed the WMS-IV-NL Adult Battery 
(16-69 years old) and 53 patients completed the WMS-IV-NL Older Adult Battery (65-90 
years old). The diagnoses of the participants who were assessed with the Adult Battery 
included 8 (4.4%) patients with mild neurocognitive impairment due to alcohol abuse; 12 
(6.6%) with Korsakoff’s syndrome; 50 (27.5%) with acquired brain injury including 20 (11.0%) 
with traumatic brain injury (TBI) and 18 (9.9%) with a stroke (CVA); 99 (54.4%) with epilepsy 
including 67 (36.8%) with temporal lobe epilepsy (TLE) and 19 (10.4%) with extratemporal 
lobe epilepsy (E-TLE); 1 (0.5%) with mild cognitive impairment (MCI); 2 (1.1%) with different 
types of dementia (early stage) and a sample of 10 (5.5%) patients with mixed psychiatric 
disorders. The diagnoses of the elderly group included 4 (7.5%) with mild neurocognitive 
impairment due to alcohol abuse; 2 (3.8%) with Korsakoff’s syndrome; 5 (9.4%) with 
acquired brain injury including 1 (1.9%) with TBI and 3 (5.7%) with a CVA; 6 (11.3%) with 
epilepsy including 3 (5.7%) with TLE; 16 (30.2%) with MCI; 18 (34.0%) with different types of 
dementia (early stage) and 2 (3.8%) with psychiatric disorders. The study included an 
additional number of 18 patients who were excluded because they did not complete the 
full-length WMS-IV-NL (n = 17), were unable to speak/understand the Dutch language or 
had a hearing or visual impairment which made normal test administration impossible (n 
= 1; visual impairment). The participant characteristics are shown in Table 2.
 The WMS-IV-NL standardization study was approved by the Institutional Review 
Board of the Faculty of Social Sciences of Radboud University Nijmegen. Patient data were 
collected as part of the routine clinical assessment of each participating centre. 
Neuropsychological tests
The WMS-IV-NL was administered and scored according to the manual procedures 
(WMS-IV-NL: Hendriks et al., 2014; Wechsler, 2009). The WMS-IV-NL consists of an Adult 
Battery for participants aged 16-69 years old and an Older Adult Battery for participants 
aged 65-90 years old. The full WMS-IV-NL contains one optional subtest, the Brief Cognitive 
Status Exam (BCSE), and six primary subtests of which four subtests have immediate and 
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delayed recall conditions: LM I and II, VPA I and II, DE I and II, VR I and II, SA, and SSP. These 
six subtests are considered primary subtests and are used to derive five index scores: AMI, 
VMI, VWMI, IMI and DMI. In the Adult Battery all primary subtests are included, making it 
possible to compute all index scores. The Older Adult Battery consists of a selection of four 
primary subtests (LM I and II, VPA I and II, VR I and II, and SSP) making it possible to compute 
four index scores (AMI, VMI, IMI and DMI). 
 In addition, for the present study, three short forms were derived according to the 
WMS-IV Flexible Approach manual procedures (Hendriks et al., 2014; Wechsler, 2010). One 
of these short forms is a 3-subtest combination including the subtests LM, VPA and VR. 
This short form is labeled as “OAA” and is only available for participants aged 16-69 years 
old. The other two short forms are 2-subtest combinations. One of these includes the 
subtests LM and VR and is labeled “LMVR”. The LMVR is available for participants aged 
16-90 years old. The other 2-subtest combination includes the subtests LM and DE and is 
labeled as “LMDE”. The LMDE is available for participants aged 16-69 years old. All these 
versions make it possible to compute four index scores, namely AMI, VMI, IMI and DMI. See 
Table 1 for an overview of subtests comprising the full WMS-IV-NL and each short form.  
The applied authorized Dutch version of the WMS-IV is equivalent to the original American 
version and includes the same index- and subtest scores with a similar factor structure 
(Bouman et al., 2015). The nonverbal visual stimuli are identical to those in the US WMS-IV. 
Instructions, auditory stimuli and scoring criteria were translated and adapted to the 
Dutch language (see Hendriks et al., 2014, for a detailed description of the development of 
the WMS-IV-NL).
Table 2  Patient characteristics. 
Adult Battery Older Adult Battery
N 182 53
Age (Mean, SD) 43.6 (14.1) 76.1 (7.4)
Gender (M/F) 113/69 28/25
Education Level 
(Low/Average/High)
89/53/40 39/6/8
NART IQ (Mean, SD) 97.5 (12.4) 93.2 (12.9)
Note: Education level was classified according to the Central Office for Statistics of the Netherlands (CBS, 2011), 
which is based on the International Standard Classification of Education (ISCED: United Nations Educational, 
Scientific and Cultural Organization Institute for Statistics (UNESCO-UIS, 2011). The NART IQ was not available 
from all patients. The sample size of the Adult Battery: n  = 173 and Older Adult Battery: n = 37.
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Statistical analyses 
For both the WMS-IV full form as the WMS-IV Flexible Approach short-forms, we used the 
scaled subtest scores (M = 10, SD = 3) and standard index scores (M = 100, SD = 15). We 
derived these scores from the test’s manuals (Hendriks et al., 2014; Wechsler, 2009; 
Wechsler, 2010). 
 Mean comparisons of the actual WMS-IV-NL index scores (Adult and Older Adult 
Battery) and the estimates from each of the short forms were analysed with paired 
samples t-tests. To protect for Type I and II errors when performing multiple comparisons, 
significance was a-priori set at p < .01. Moreover, the magnitudes of the differences 
between the short and full forms were assessed using Cohen’s (1988) effect size. Pearson 
correlation coefficients were calculated to assess the degree of agreement between the 
actual index scores form the WMS-IV-NL and the index scores from the three short forms 
(OAA, LMVR and LMDE). Because Pearson correlation coefficients of short and full form 
versions are spuriously high due to shared error variance, these correlations were corrected 
(r’) for redundant error of variance using a formula described by Girard and Christensen 
(2008). This formula is a modification of the correction originally reported by Levy (1967), 
which takes into account the reliability of the short form and the standard deviations of 
both the short and the long forms. The modified formula results in lower and upper 
bounds of the corrected correlation and adjusts the weight of the standard deviations by 
taking the number of subtests contributing to the short and full forms into account. In this 
study, the Pearson correlations and the corrected correlations were calculated. To examine 
the reliability, we used Cronbach’s alpha to estimate the internal consistency reliability of 
each subtest based on the items of our own study-sample. Then, the internal consistency 
reliability coefficients for index scores were calculated using the formula recommended 
by Nunnally & Bernstein (1994).  
 Next, difference scores between the actual and short-form index scores were 
calculated by subtracting the actual index score from each of the short-form index scores. 
Frequency analyses of the index scores of the WMS-IV-NL short forms were conducted to 
reveal the percentage of estimated index scores that fell within 1 or 2 standard error of 
measurement (SEM) (i.e., 4 or 8 points) or within 15 points (i.e., one standard deviation). As 
reported in the technical and interpretive manual for the WMS-IV-NL, the average SEM for 
the adult battery (i.e., 16-69 years of age) is 4.39 points for the IMI, 4.35 points for the DMI, 
3.84 points for the VMI and 3.54 points for the AMI, while the average SEM for the Older 
Adult Battery (i.e., 65-90 years of age) is 3.91 points for the IMI, 4.65 points for the DMI, 3.85 
points for the VMI and 3.61 points for the AMI (Hendriks et al., 2014). These results are in 
agreement with the average SEMs reported in the US WMS-IV technical manual (Wechsler, 
2009). Therefore, the SEM could be set to 4 points for all index scores, which is also useful 
for the comparison with previous studies by Miller, Axelrod, Rapport, et al.(2012) and Miller, 
Axelrod, & Schutte (2012). 
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 Following a procedure used by Donders and Axelrod (2002), which was based on the 
procedure from Nunnally (1978), we used the following a-priori criteria to determine 
whether a short form is acceptable for clinical application. First, the reliability estimates 
should be ≥ .90. Second, the corrected correlations (lower bound) should be ≥ .82. Third, 
> 80% of each estimated WMS-IV-NL index score should fall within 2 SEM of the actual 
WMS-IV-NL index score. Additionally, effect sizes (Cohen’s d) of 0.20, 0.50, and 0.80 were 
considered small, medium, and large, respectively.  
Results
Descriptive statistics, mean comparisons, effect sizes, internal consistency coefficients and 
correlations between short-form and actual index scores are presented in Table 3. Of the 
three short forms evaluated for the WMS-IV-NL Adult Battery, the OAA short index scores 
did not differ significantly from the actual index scores (i.e., IMI OAA, DMI OAA and VMI VR 
did not differ significantly from the corresponding full index scores). In addition, the LMVR 
index scores did not differ significantly from the actual index scores (i.e. IMI LMVR, DMI 
LMVR, AMI LM, and VMI VR). Because the significance level was a prior set at p < .01, a trend 
was seen for a difference between the actual IMI and the IMI LMVR, t(181) = -2.11, p <.05. 
Moreover, the effect sizes of this difference was negligible and, therefore, clinically 
insignificant (i.e., Cohen’s d = .04). Furthermore, all LMDE index scores were significantly 
higher than the actual index scores (IMI LMDE, DMI LMDE, AMI LM and VMI DE), but effect 
sizes of these differences were small to negligible (i.e., Cohen’s d = -.20 to -.09). 
 For the WMS-IV-NL Older Adult Battery only one short form, LMVR, was evaluated. 
Three of the four short index scores did not differ significantly from the actual index scores 
(i.e., IMI LMVR, DMI LMVR and AMI LM). Only the VMI VR short index score was significantly 
higher than the actual index score, but the effect size was negligible and was considered 
clinically insignificant (Cohen’s d = -.04). 
 All of the short forms met the a-priori specified criteria for reliability (i.e. ≥ .90) and 
correlations (i.e. corrected correlations ≥.82) (see Table 3). That is, internal consistency 
reliability analysis revealed Cronbach’s alpha coefficients of > .91 for all short-form index 
scores. Moreover, all short-form index scores correlated highly with the actual index scores 
(r > .89, p < .001 for Pearson’s correlations and r > .81 for the lower bound of the corrected 
correlations). Of the three short forms evaluated for the WMS-IV-NL Adult Battery, the 
highest correlations were consistently found for the 3-subtest short form (i.e., OAA). 
 The frequency analyses are provided in Table 4. None of the short forms met the 
a-priori specified criteria that > 80% of each estimated WMS-IV-NL index score should fall 
within 2 SEM of the of actual WMS-IV-NL index score. The mean difference between the 
short-form and actual WMS-IV-NL index scores ranged from -.93 to 3.56 in the Adult 
Battery, and from -.06 to 1.66 in the Older Adult Battery. For the Adult Battery, three short 
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forms were examined. Not unexpectedly, the short form that yielded the highest 
classification accuracy was the 3-subtest short form (i.e., OAA). The percent of estimates 
that fell within 2 SEM was 92.3% for IMI OAA, 95.1% for DMI OAA and 72.5% for VMI OAA 
(see the fourth column of Table 4). The 2-subtest short forms (i.e., LMVR and LMDE) yielded 
lower classification accuracy levels than the OAA. For IMI, both LMVR and LMDE yielded 
comparable classification rates. For DMI and VMI, LMVR yielded somewhat better 
Table 4   Mean difference and percent agreement between WMS-IV-NL actual and 
short-form index scores. 
Mean diff. 
(SD)
% within 
1 SEM
% within  
2 SEM
% within 
15 points
Actual > 
Short
Short >  
Actual
WMS-IV-NL Adult Battery
Actual IMI
  IMI (OAA) .13 (4.8) 64.8 92.3 100 42.9 47.3
  IMI (LMVR) 1.14 (7.3) 46.7 74.7 97.3 36.3 56.0
  IMI (LMDE) 1.60 (7.5) 44.5 74.7 95.6 35.7 62.1
Actual DMI
  DMI (OAA) .02 (4.4) 69.8 95.1 100 45.6 45.6
  DMI (LMVR) -.92 (7.0) 46.2 80.2 97.3 41.2 54.4
  DMI (LMDE) 1.85 (7.5) 41.2 69.8 96.7 35.2 57.7
Actual AMI
  AMI (LM) .90 (8.3) 41.8 68.7 92.9 43.4 51.1
Actual VMI
  VMI (VR) -.93 (8.2) 37.4 72.5 93.4 50.0 43.4
  VMI (DE) 3.56 (8.2) 40.1 61.0 92.3 30.2 65.4
WMS-IV-NL Older Adult Battery
Actual IMI
  IMI (LMVR) -.06 (5.1) 62.3 92.5 98.1 43.4 47.2
Actual DMI
  DMI (LMVR) .77 (4.5) 60.4 92.5 100 45.3 49.1
Actual AMI
  AMI (LM) 1.66 (7.0) 52.8 75.5 98.1 41.5 56.6
Actual VMI
  VMI (VR) .60 (.8) 100 100 100 1.9 41.5
Note: The mean diff is calculated by subtracting the actual index score from each of the short-form index 
scores. Positive differences indicate that short form index scores were higher, whereas negative differences 
indicate that full form index scores were higher.
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classification rates than LMDE, which indicates that LMVR could be chosen in favour of 
LMDE. Furthermore, as reported in the last two columns of Table 4, all LMDE index scores 
were slightly overestimated in comparison to the actual index scores. This is in line with 
the higher means observed for this short form in comparison to the actual index scores 
(see Table 3). For the OAA short form, only the IMI OAA index was slightly overestimated. 
For the LMVR short form, the results were mixed. IMI LMVR, DMI LMVR and AMI LMVR were 
slightly overestimated, whereas VMI VR scores were slightly underestimated in comparison 
to the actual index scores. 
 For the Older Adult Battery, the percent of estimates that fell within 2 SEM was 92.5% 
for IMI LMVR, 92.5% for DMI LMVR, 75.5% for AMI LMVR and 100% for VMI LMVR (see the 
fourth column of Table 4). Furthermore, all short-form index scores were slightly over- 
estimated in comparison to the actual index scores (see the last two columns of Table 4). 
Discussion
The predictive accuracies of three WMS-IV-NL Flexible Approach short forms were 
evaluated in a mixed clinical sample. Our results reveal high correlations between all 
short-form and actual index scores for the WMS-IV-NL Adult and Older Adult Batteries (i.e., 
corrected correlation coefficients were comparable in all three short forms and ranged 
between .81 and .95). There was also a high degree of internal consistency for all short-form 
index scores (i.e., Cronbach’s alphas ranged between .91 and .97).
 Furthermore, none of the short forms met the a-priori criteria for the predictive 
accuracy (i.e. > 80% of each short form index score should fall within 2 SEM of the actual 
index score). These results may lead to concern about the usability of these short forms in 
clinical practice. In fact, the OAA yields accurate estimations of the IMI, DMI and AMI 
(predictive accuracy ≥ 92%), but the estimation of the VMI fell below our specified criterion 
(predictive accuracy of 73%). The 2-subtest short forms (LMVR and LMDE) were overall less 
accurate (predictive accuracy ranged from 61% to 80%). Clearly, inclusion of three subtests 
results in a more accurate and reliable estimation of the actual index scores than the 
2-subtest versions. These finding are in agreement with the results reported in the studies 
by Miller, Axelrod, Rapport, et al. (2012) and Miller, Axelrod and Schutte (2012) on the 
prediction of WMS-IV IMI and DMI. They reported accuracy rates over 90% for the 3-subtest 
short form, and accuracy rates over 77% for 2-subtest short forms.
 Our findings extend the results of Miller, Axelrod, Rapport, et al. (2012) and Miller, 
Axelrod and Schutte (2012), in that we are the first to (a) examine the estimation of the AMI 
and VMI, and (b) include the new visuo-spatial memory subtest, DE, in our short form 
evaluation. The AMI index score can be reliably estimated with the OAA, because this 
index score is equal for the full WMS-IV-NL and the OAA short form: both forms include 
two auditory subtests (LM and VPA). However, our results reveal that caution is needed 
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when interpreting the estimated AMI from the LMVR and LMDE short forms, as well as the 
estimated VMI from all short forms. That is, the predictive accuracy rates fell below our 
a-priori criteria of what is considered acceptable in clinical practice.  
 A comparison of both 2-subtest short forms revealed that LMVR is likely to have the 
most accurate estimations, but results only in a marginally better prediction than LMDE. 
For LMVR, 69-80% of the predicted WMS-IV-NL index scores fell within 2 SEM. For LMDE, 
61-75% of the predicted WMS-IV-NL index scores fell within 2 SEM.
 Because the full Older Adult Battery does not contain all available WMS-IV subtests 
(i.e., LM, VPA, VR and SSP), only the LMVR short form can be used with the WMS-IV-NL 
Flexible Approach (Hendriks et al., 2014; Wechsler, 2010). Only the VMI VR short index score 
was significantly higher than the actual index score. However, the effect size was clinically 
insignificant, and both the short VMI VR and actual VMI index scores are composed of the 
subtests VR I and VR II. The difference found is attributable to different scaled scores. That 
is, for the Older Adult Battery, only results of participants 65-90 years are used for the 
establishment of the norm-scores, whereas for the LMVR short form, all participants 16-90 
years are used for the establishment of the norm-scores. Moreover, the LMVR yields 
accurate estimations of the IMI, DMI, and VMI (predictive accuracy ≥ 93%), but the 
estimation of the AMI fell below our specified criterion (predictive accuracy of 76%). 
 It is also relevant to relate the current findings to previously reported results. First, 
using Wechsler’s (2009) nomenclature, the mean performance of our mixed clinical adult 
sample was in the ‘low average’ range (between 83.0 (DMI LMVR) and 89.9 (VMI DE)), and 
the mean performance of our mixed clinical older adult sample was in the ‘borderline’ 
range (between 73.3 (VMI) and 80.6 (AMI LM). These findings are comparable to the 
average performance of three clinical groups reported in the US Flexible Approach 
manual (Wechsler, 2010), that is, patients with traumatic brain injury and patients with left 
or right temporal lobectomy. Moreover, the reliability coefficients derived from our mixed 
clinical sample (ranging from .91 to .97) are in agreement with the results described both 
in the US and Dutch WMS-IV manuals, in which the estimates ranged from .87 to .97 
(Wechsler, 2010) and 84 to .92 (Hendriks et al., 2014) respectively.  
 While our results provide support for the use of the 3-subtest short form when 
estimating the IMI, DMI and AMI, caution is warranted when using the 2-subtest short 
forms and the OAA VMI. It is important to note that, obviously, the administration of the 
complete WMS-IV-NL is encouraged (Kaufman & Kaufman, 2001) as the full WMS-IV-NL 
provides a complete evaluation of the core memory functions. However, in clinical 
practice, brief memory instruments or short forms are often warranted due to practical or 
clinical constraints. Rather than using multiple brief memory instruments such as the 
California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 2000) and the Location 
Learning Test-Revised (Bucks, Willison, Byrne, & Kessels, 2011), it is an advantage that the 
WMS-IV short forms assess a continuum of memory functions with normative data that 
comes from one high quality normative sample. Furthermore, in this mixed clinical group, 
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the OAA short form yielded the most accurate estimations of the WMS-IV-NL index scores. 
The 2-subtest short forms may be more suitable when administration time needs to be 
significantly shortened, for instance, as part of a first neuropsychological screening. The 
LMVR short form is more likely to have the most accurate estimations in comparison to the 
LMDE short form, especially in patients with low range memory abilities. Nonetheless, in 
clinical practice, there may be circumstances in which the LMDE short form is more 
appropriate. For example, when a patient’s motor skills are impaired, the subtest VR cannot 
be administered. As a result, the OAA and LMVR short forms may not be eligible. 
Additionally, the selection of a particular short form may also depend on the cognitive 
constructs that need to be examined. When the clinician has a-priori hypotheses about 
the patients’ visuo-spatial memory, the LMDE short form might be preferred. Importantly, 
it should be stressed that the results of short forms must be interpreted with caution, and 
clinicians should take the accuracy rates into account. 
 Some limitations have to be addressed. In the design of the current study, the full 
WMS-IV-NL has been administered in all participants. Consequently, the short forms were 
derived from subtests that were embedded in the full WMS-IV-NL. Patients’ fatigue or 
procedural learning may have had an impact on subtests administered later in the battery, 
and thus, on the performance of the short forms (Kaufman & Kaufman. 2001; Thompson, 
1987). However, the shortened forms should not be used as stand-alone tests, but as part 
of a more extensive neuropsychological evaluation, in which other tests given earlier in 
the test battery might also affect performance on tests administered later in the battery. 
The WMS-IV Flexible Approach is limited to the above mentioned short forms, which can 
be  used to calculate four index scores (AMI, VMI, IMI and DMI) (Hendriks et al., 2014; 
Wechsler, 2010). Obviously, it would be possible to evaluate more WMS-IV short forms with 
other subtest-combinations. For example, a 2-subtest combination of VPA and VR could 
be estimated, as Miller, Axelrod, Rapport, et al., (2012) already showed that VPA is a good 
choice for clinicians when they utilize prediction equations. Moreover, it would be 
interesting to evaluate short forms for the estimation of the working memory index. In 
particular, it would be interesting to examine a combination of one of the visual working 
memory subtests of the WMS-IV and one of the verbal working memory subtests of the 
WAIS-IV which are not part of the WMS-IV. A further limitation is that our clinical sample 
consisted of a mixed-etiology group with a variety of neuropsychological and 
psychological diagnoses. Future studies should focus on the applicability and predictive 
accuracy rates of WMS-IV short forms in specific clinical samples. 
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Abstract
Background The Brief Cognitive Status Exam (BCSE) is a new, optional subtest of the 
Wechsler Memory Scale-IV (WMS-IV) developed for rapid detection of cognitive deficits. 
We examined the clinical validation of the Dutch version of the BCSE in older adults with 
mild cognitive impairment (MCI) or dementia, comparing it to the Mini-Mental State 
Examination (MMSE). 
Methods BCSE and MMSE were administered in 39 older adults with MCI, 51 with dementia 
and 96 matched healthy controls. 
Results Our results show that the BCSE is a valid screening instrument, with psychometric 
properties similar to the widely used MMSE. High correlations were found between the 
BCSE and MMSE (r=.79, n=183, p<.001). Furthermore, for the detection of dementia 
compared to controls a BCSE cut-off score ≤ 42 revealed a sensitivity of 96%, a specificity 
of 92%, a positive predictive value of 86% and a negative predictive value of 97%, whereas 
the MMSE cut-off score of ≤ 24 showed values of 84%, 96%, 91% and 92% respectively. 
Sensitivity, specificity, positive and negative predictive values to detect MCI compared to 
controls was 81%, 80%, 61% and 92% respectively on the BCSE, with a cut-off score of ≤ 46, 
and 84%, 76%, 57% and 92% respectively on the MMSE, with a cut-off score of ≤ 27. 
Conclusions The Dutch version of the BCSE is a clinically valid screening instrument for 
the detection of cognitive impairment in patients with dementia. Nevertheless, for 
distinguishing older adults with MCI from healthy controls both the BCSE and MMSE have 
limitations.
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Introduction
The ageing population and increasing prevalence of age-related disorders such as mild 
cognitive impairment (MCI) and dementia have encouraged the development and 
improvement of discriminative neuropsychological instruments (Nilson et al., 2003). The 
role of screening instruments, unlike extensive neuropsychological tests, biomarker 
assessments and imaging techniques, is to quickly detect cognitive impairment (Appels 
and Scherder, 2010; Applegate et al., 1990). Rapid detection of cognitive impairment is 
critical, particularly in primary care, because it quickly indicates a need for further 
investigation. Moreover, extensive neuropsychological testing is often difficult in older 
patients due to general factors, such as motivation and fatigue (Zhu and Tulsky, 2000).
 However, the applicability of currently available screening instruments is under 
debate. Only few have been validated in the populations for which they are intended to 
be used. Although many screening instruments have high accuracy for moderate to 
severe cognitive impairment and dementia, many have low accuracy for mild levels of 
impairment (Ritchie et al., 2001). Additionally, many existing cognitive screeners have been 
developed for detecting cognitive decline in Alzheimer’s disease and may therefore be 
less sensitive to cognitive impairment of patients with non-Alzheimer’s dementia. 
Furthermore, demographic characteristics such as age and education level have great 
influence on cognitive performance (Cullen et al., 2007), but age and education adjusted 
norms are often lacking. An ideal cognitive screening instrument should be rapid, 
tolerated by patients, easy to administer and score, relatively independent of culture, 
language and education and psychometrically robust (Shulman, 2000; Solomon and 
Murphy, 2005). 
 The Folstein Mini-Mental State Examination (MMSE) is internationally the most 
commonly used screening instrument for cognitive dysfunction (Ismail et al., 2010; Milne 
et al., 2008), and has been shown to be a valid measure of cognitive decline in moderate 
and severe dementia. The MMSE was originally developed to detect moderate to severe 
dementia and it has been criticised for its poor sensitivity and specificity in the detection 
of MCI, mild dementia and patients with frontal pathology (Gregory et al., 1997; Mitchell, 
2009). Other frequently reported limitations are lack of standardized administration and 
scoring, influences of age, educational or cultural biases and poor psychometric properties 
(Ismail et al., 2010; Scazufca et al., 2009). Notably, the MMSE has also shown insufficient 
test-retest reliability (Tombaugh, 2005). Hence, additional studies of cognitive screeners 
are warranted. 
 For decades the Wechsler Memory Scale has been a widely used memory battery in 
the United States (Rabin et al., 2005). A goal for the development of the latest update, the 
Wechsler Memory Scale – Fourth Edition (WMS-IV: Wechsler, 2009), was to include a rapid 
cognitive screening tool to identify significant cognitive impairment. As a result, the Brief 
Cognitive Status Exam (BCSE) is now included as an optional subtest. The BCSE has been 
86  |  Chapter 6
developed for rapid identification of individuals with cognitive deficits, and assesses a 
variety of cognitive functions including orientation to time, mental control, clock drawing, 
incidental recall, automaticity and inhibitory control, and verbal production. In the 
technical and interpretative manual of the English version of the WMS-IV (Wechsler, 2009) 
it is reported that the BCSE yielded clinical sensitivity to dementia that was equivalent or 
better than the MMSE. For the BCSE, the authors found average sensitivity (77%), high 
specificity (98%), high positive predictive values (97%) and negative predictive values 
(81%) for dementia of the Alzheimer’s type. However, they emphasized that the BCSE is an 
optional subtest that provides rapid screening for significant cognitive problems, and 
cannot distinguish between different clinical disorders. To our knowledge, this is the first 
study to investigate the psychometric properties of the BCSE.
 The present study examines the validation of the Dutch version of the BCSE (Hendriks 
et al., 2014; Wechsler, 2009) in older adults with MCI or dementia, comparing it to the 
MMSE. We examine the internal consistency of the BCSE, the correlations with age and 
education level, construct validity with respect to the MMSE, and whether the BCSE total 
and section scores can distinguish between patients with dementia, MCI and healthy 
controls. In line with previous studies, we expect to find good sensitivity and specificity of 
the BCSE for mild to moderate dementia, and hope to find good sensitivity and specificity 
for patients with MCI. Finally, optimal cut-off scores for the BCSE will be calculated. 
Methods
Participants
A total of 108 patients with memory complaints were recruited from several memory 
clinics in the Netherlands (Academic Medical Centre Amsterdam (n=16), Fransiscus 
Hospital Roosendaal (n=10), University Medical Centre Utrecht (n=6), Radboud University 
Nijmegen (n=15) and Hospital Twente Almelo (n=61)). Standard clinical diagnoses were 
established by a multidisciplinary team based on the current international guidelines 
(Albert et al., 2011; McKhann et al., 2011; Román et al., 1993). This standard procedure 
included a thorough clinical interview and extensive neuropsychological and psychiatric 
screening, supported by neuroimaging findings. 
 As these patients were recruited from various clinics, no standard clinical battery was 
performed in all patients. However, in all centers the memory assessment was supervised 
by certified clinical neuropsychologists with expertise in dementia. Typically, neuropsy-
chological assessment included: a global orientation and cognitive screening, such as the 
Revised Cambridge Cognitive Examination; word-learning tests, such as the Rey Auditory 
Verbal Learning Test and the 8 Word Test; visual memory tests, such as the Visual 
Association Test and Rey- Osterrieth Complex Figure Test; and executive function tests 
such as Trail Making Test and Stroop Test, as well as additional tests such as Verbal Fluency 
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and Digit Symbol Substitution (see Lezak et al., 2012, for a detailed description of each test). 
 Of these patients, 44 were diagnosed with MCI, 44 with Alzheimer’s dementia (AD), 11 
with vascular dementia (VD) or mixed dementia (combined Alzheimer’s dementia and 
vascular dementia) and 9 with subjective memory complaints but no objective memory 
deficits. Patients with subjective memory complaints but no objective memory deficits 
were excluded from further analyses. Moreover, data from 9 patients were excluded 
because they met one of the following exclusion criteria: a comorbid psychiatric disease; 
a significant hearing or visual impairment; inability to speak/understand the Dutch 
language; a comorbid neurological or other disorder or use of medicines affecting 
cognitive functioning. As a result, we included 39 patients with MCI who had a Clinical 
Dementia Rating (CDR: Morris, 1993) of ≤ 0.5 and 51 patients with mild to moderate 
dementia (CDR of 1-2). Patients with different types of dementia were combined into one 
group because of the small subgroup size. 
 The control group consisted of 96 healthy controls selected from the WMS-IV-NL 
standardization study matched for age (ranging from 60 to 90 year), sex and education 
level (3 levels: low, average, and high) with the patient groups. Education level was 
assessed by classifying formal schooling in the Netherlands according to the grouping of 
the Central Office for Statistics of the Netherlands (CBS, 2011), which is based on the 
International Standard Classification of Education (ISCED: United Nations Educational, 
Scientific and Cultural Organisation Institute for Statistics UNESCO-UIS, 2011). The three 
levels were composed of those with early childhood, primary and lower secondary 
education (Low), those with upper secondary, post-secondary non-tertiary and short 
cycle tertiary education (Average), and those with academic training: bachelor’s, master’s 
and doctoral degree (High). Exclusion criteria included history of psychiatric, neurological 
or neuropsychological problems or use of medicines affecting cognitive functioning. The 
MMSE was performed to exclude participants with cognitive impairment using the 
established cut-off of 24. Moreover, all participants had normal or corrected-to-normal 
hearing and vision. 
 The WMS-IV-NL standardization study was approved by the Institutional Review 
Board of Radboud University Nijmegen. Patient data were collected as part of the routine 
assessment of each participating centre. Participant characteristics are summarized in 
Table 1. 
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Neuropsychological tests 
The BCSE assesses a variety of cognitive functions including orientation to time and place 
(12 points), mental control (12 points), clock drawing (4 points), incidental recall (8 points), 
automaticity and inhibitory control (16 points), and verbal production (6 points). The total 
BCSE score ranges from 0 to 58 with lower scores indicating poorer cognitive function. 
Moreover, the total score can be converted to a classification level (Average, Low Average, 
Borderline, Low and Very Low) taking age and education level into account. The MMSE 
consists of 30 questions in a number of domains such as orientation, registration, attention, 
calculation, recall, language, repetition and complex commands (Folstein et al., 1975). The 
total raw score ranges from 0 to 30. The administration time of each of the screeners 
varied between different individuals, and ranged from 5 to 15 minutes.
Statistical analyses 
To examine the internal consistency of the BCSE, a reliability analysis was performed using 
Cronbach’s alpha. In the control-group, correlations between age and BCSE and MMSE 
total scores were calculated with Pearson product-moment correlations and correlations 
between education level (Low/Average/High) and BCSE and MMSE total scores were 
calculated with Spearman’s rank correlations. Furthermore, Pearson product-moment 
correlations were calculated to examine the compatibility between the BCSE and the 
MMSE total and section scores, including all participants. 
 To examine the ability of both the BCSE and MMSE in differentiating between the 
patient groups and healthy controls, one-way analyses of variance (ANOVA) were 
conducted. A subsequent one-way multivariate analysis of variance (MANOVA) was 
conducted to examine the BCSE section scores. Significant differences were analyzed with 
Hochberg’s post-hoc test. 
Table 1   Participant characteristics. 
MCI AD VD/
Mixed
Controls Statistic, p Effect size
N 39 42 9 96
Age (Mean, SD) 76.4 (6.5) 78.1 (5.5) 79.3(4.9) 76.6 (5.9) F (3,182)=1.17, n.s. Eta2 =.02
Sex (M/F) 18/21 18/24 4/5 52/44 χ² (3, n=186)=1.85, n.s. Phi = .10
Education level  
(Low/Average/High)
29/5/5 27/8/7 8/0/1 63/18/15 χ² (3, n=186)=3.52, n.s. Phi = .14
Note: Education level was classified according to the Central Office for Statistics of the Netherlands (CBS, 2011), 
which is based on the International Standard Classification of Education (ISCED: United Nations Educational, 
Scientific and Cultural Organization Institute for Statistics (UNESCO-UIS, 2011).
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 Receiver Operating Characteristics (ROC) analyses were conducted to determine the 
discriminative validity of the BCSE and MMSE total scores. ROC analysis produces an Area 
Under the Curve (AUC), which indicates the discriminative power of the test. This value 
ranges between 0.5 (no discriminative power) to 1.0 (maximum discriminative power). 
Moreover, ROC analysis can help predict a number of diagnostically useful measures such 
as sensitivity, specificity, positive predictive value (PVV), negative predictive value (NPV), 
diagnostic odds ratio (DOR) and likelihood ratios. The optimal cut-off scores were 
considered based on the best balance between sensitivity and specificity levels. As the 
current study evaluates cognitive screeners, we chose > 80% as the cut-off for good 
sensitivity and NPV and > 60% as an acceptable low ratio of false positives resulting in 
specificity and PVV (Blake et al., 2002). 
 ROCs were plotted for both instruments’ discriminative validity for distinguishing 
between any cognitive disorder (MCI, AD, VD and Mixed) and no cognitive disorder 
(healthy controls). Secondary analyses included examining each instruments’ discriminative 
validity for distinguishing between MCI and no cognitive disorder and between dementia 
(AD, VD and Mixed) and no cognitive disorder. Data analyses were performed using the 
Statistical Package for Social Sciences version 19.0 and Sigmaplot version 12.5. 
Results
The groups did not differ with respect to age, sex and education level (all p values >.30), 
indicating they were well matched and therefore no patient characteristics were included 
as covariates in the following analyses. 
 Internal consistency reliability analyses showed a Cronbach’s alpha of 0.75 with the 10 
section scores of the BCSE together. The removal of section scores would not result in a 
substantial increase or decrease of the internal consistency (Cronbach’s alpha of 0.72 to 
0.76). There was a small negative correlation between BCSE total score and age in healthy 
controls (r= -.22, n= 96, p=.03). No significant correlations between BCSE total score and 
education level (r=.02, n= 96, p>.05), MMSE total score and age (r= -.11, n= 96, p>.05) and 
MMSE total score and education level (r=.15; n=96, p>.05) were present.
 Whole-group analyses showed a high significant positive correlation between BCSE 
and MMSE total scores (r=.79), n=183, p<.001). Moreover, correlations between BCSE and 
MMSE section scores with same constructs revealed significant positive correlations 
ranging from r=.28 to r=.73 (see Table 2). 
 Table 3 shows the results of the MMSE total score and BCSE total and section scores 
for patients with MCI and dementia and healthy controls. A one-way ANOVA with group 
(MCI, Dementia, Controls) as the independent variable and BCSE total score as the 
dependent variable revealed a main effect of group (F(2, 183)=109.24 p<.001, η
p
2=.54), with 
dementia patients (M 29.82, SD 10.4) performing worse than MCI patients and healthy 
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controls (MCI: M 37.31 SD 9.7; Controls: M 50.46, SD 6.34) and MCI patients performing 
worse than healthy controls as analysed with Hochberg’s post-hoc test (all p <.001). In 
addition, a one-way ANOVA with group (MCI, Dementia, Controls) as the independent 
variable and MMSE total score as the dependent variable revealed a main effect of group 
(F(2,180)=139.91, p<.001, η
p
2=.61), with dementia patients (M 20.58, SD 3.94) performing 
worse than MCI patients and healthy controls (MCI: M 24.62, SD 2.9; Controls: M 28.42, SD 
1.65) and MCI patients performing worse than healthy controls as analysed with 
Hochberg’s post-hoc test (all p <.001). 
 A subsequent one-way MANOVA with group (MCI, Dementia, Controls) as the 
independent variable and 10 BCSE section scores as dependent variables revealed a 
significant main effect of group on all BCSE section scores, except for Inhibition 
Commissions (F(2,183)=1.58, p=0.21, η
p
2=.02). Mean scores on all BCSE section scores were 
highest in the control group and lowest in the dementia group, except for Inhibition Time 
(see Table 3).
 Figure 1 shows the ROC curves of the BCSE and MMSE for detecting patients with 
cognitive disorders. ROC analysis of the BCSE and MMSE total scores as predictors of 
cognitive disorders (i.e. MCI, AD, VD and Mixed dementia) showed an AUC of .92 (p<.001) 
and an AUC of .93 (p<.001) respectively. Comparing the MCI group with healthy controls 
resulted in an AUC of .87 (p<.001) for BCSE total score and an AUC of .87 (p<.001) for MMSE 
total score; comparing the dementia group with healthy controls resulted in an AUC of .96 
(p <.001) and an AUC of .98 (p<.001) for the BCSE and the MMSE respectively. Finally, 
comparing MCI and dementia resulted in an AUC of .66 (p=.01) for BCSE total score and an 
AUC of .79 (p<.001) for MMSE total score. 
 For the comparison between MCI and healthy controls, an optimal cut-off score of ≤ 
46 with a sensitivity of 81%, specificity of 80%, PPV of 61%, NPV of 92%, DOR of 17.4 and 
positive likelihood ratio of 4.1 was found for the BCSE; a proposed cut-off score of ≤ 27 
with a sensitivity of 84%, specificity of 76%, PPV of 57% and NPV of 92% was found for the 
Table 2   Pearson correlation coefficients for BCSE- and MMSE section scores. 
Section scores Pearson corr.
BCSE orientation – MMSE orientation .73**
BCSE mental control (time) – MMSE attention and concentration .46** 
BCSE mental control (error) – MMSE attention and concentration .28**
BCSE Incidental Recall – MMSE Memory .48**
BCSE Clock Drawing – MMSE Visual Reconstruction .45**
BCSE Total – MMSE Total .79**
**. p<.001
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MMSE. For the second comparison between dementia and healthy controls, an optimal 
cut-off score of ≤ 42 with a sensitivity of 96%, specificity of 92%, PPV of 86%, NPV of 97%, 
DOR of 264 and positive likelihood ratio of 11.3 was established for the BCSE. With the 
widely used cut-off score of ≤ 24 (Tombaugh and McIntyre, 1992), the MMSE had a 
sensitivity of 84%, specificity of 96%, PPV of 91% and NPV of 92%. Results concerning 
sensitivity, specificity and predictive values for the proposed BCSE cut-off scores for 
discriminating between both MCI and dementia and the healthy control group are 
reported in Table 4.  
Figure 1    ROC curves for distinguishing patients with cognitive disorders from healthy 
controls.
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Discussion
The present study aimed to examine the clinical applicability and validity of the Dutch 
version of the BCSE in a sample of older adults with MCI or dementia. Our results show 
that the BCSE is a valid screening instrument, with psychometric properties similar to the 
widely used MMSE. In fact, we found high compatibility between the BCSE and MMSE 
scores, suggesting good convergent validity. Also, the BCSE has a high degree of internal 
consistency (Cronbach’s alpha = 0.75). The BCSE total score can be converted to a classified 
level (Average, Low Average, Borderline, Low and Very Low) taking age and education 
level into account. However, in this study we found only a small correlation between age 
and BCSE total score, no correlation between age and MMSE total score and no correlations 
between education level and BCSE and MMSE total scores. These results question the 
importance of age and education adjusted norms. By contrast, other studies showed 
influences of age and education level on cognitive screeners (Cullen et al., 2007). Future 
studies may clarify whether the BCSE total score should be adjusted for age and education 
level.
 Furthermore, the analysis of group differences indicates that both instruments are 
capable of differentiating between patients with MCI, patients with dementia and healthy 
controls. Moreover, nine out of ten BCSE section scores are capable of discriminating 
patients with dementia from healthy controls and eight out of ten section scores are 
capable of discriminating patients with MCI from healthy controls. Notably, Orientation, 
Time Estimation and Clock Drawing seem to be suitable section scores for discriminating 
between patients with MCI and dementia. These results are consistent with studies 
reporting that similar tasks are useful diagnostic tools to identify dementia (Heinik et al., 
2002; Papagno et al., 2004). The inclusion of tasks that rely on “frontal” executive functioning 
may contribute to the BCSE being more sensitive in the detection of non-AD dementia 
than the MMSE. It would be an interesting topic for future studies to evaluate separate 
samples with different types of dementia (e.g. Alzheimer’s and vascular dementia). 
 Finally, the ROC analysis reveals that the BCSE has good overall discriminative validity 
in the detection of cognitive impairment (i.e. patients with MCI, AD, VD and Mixed 
dementia: significant AUC of 0.92), similar to the MMSE (significant AUC of 0.93). Although 
the differentiation between cognitive impairment and no cognitive impairment is often 
the primary comparison when assessing the validity of cognitive screening instruments, it 
is also important to evaluate the test in a broader spectrum of a disorder. Therefore, we 
also examined the discriminative validity for the detection of mild cognitive impairment 
(MCI) and mild to moderate dementia for both instruments. The BCSE optimal cut-off 
score for detecting dementia had higher sensitivity (0.95), but somewhat lower specificity 
(0.92) than the MMSE cut-off point of ≤ 24 (sensitivity = 0.81, specificity = 0.96). 
 These results are in line with the values reported in the technical and interpretative 
manual of the English version of the WMS-IV (Wechsler, 2009). The BCSE optimal cut-off 
Clinical validation of the WMS-IV-NL BCSE  |  95
6
score for detecting MCI had somewhat lower sensitivity (0.81) and somewhat higher 
specificity (0.80) than the proposed MMSE cut-off point (sensitivity = 0.84, specificity = 
0.76). Though BCSE and MMSE optimal cut-off scores could be established for patients 
with MCI, it should be noted that there is still a risk of approximately 20% false positive 
results (i.e. diagnosing MCI) in healthy participants and false negative results (i.e. classifying 
normal functioning) in patients with MCI. Another clinically relevant outcome in the 
analyses of MCI patients are the relatively low PPVs (BCSE: 61%; MMSE: 57%). The PPV is the 
proportion of participants classified as having MCI with the BCSE who were actually 
diagnosed with MCI. The low PPVs correspond to a relatively high risk of false-positives, 
which indicates that a positive test result may not be useful to confirm the presence of 
MCI. 
 Several limitations of this study should be mentioned. The selected study sample was 
based on clinical diagnoses. Patients with co-morbidities that could adversely affect the 
test performances, and patients with only subjective memory complaints but no objective 
memory deficits, were excluded. In future, it would be beneficial to evaluate the clinical 
validity of the BCSE in participants with subjective memory complaints and other patient 
groups. A further limitation is that all clinical diagnoses had not received long-term 
confirmation. Therefore, despite following carefully established international guidelines, 
these clinical diagnoses are not impervious to error. 
 Secondly, although the diagnosis was made clinically, the clinicians were not blind for 
the MMSE. Therefore, the MMSE may have been used in the diagnostic identification of 
patients which may have resulted in a review bias (Gifford and Cummings, 1999). That is, 
participants who scored below the established MMSE cut-off score for MCI or dementia 
may have been more likely to be allocated to the associated patient groups. This may have 
falsely increased the accuracy of the MMSE (Gifford and Cummings, 1999). In future 
research, it is advised to administer the BCSE and MMSE, or another cognitive screener, 
independent of the standard neuropsychological assessment and to blind the 
administrators from patients’ diagnosis. Moreover, further research is needed to explore 
inter- or intra-rater reliabilities, content validity, and divergent validity of the BCSE and to 
replicate convergent validity using other screening instruments.  
 In conclusion, findings from the current study suggest that the Dutch version of the 
BCSE is a clinically valid screening test for the detection of cognitive impairment in patients 
with dementia. Its psychometric properties are similar to the widely used MMSE. However, 
for distinguishing older adults with MCI from healthy controls both the BCSE and MMSE 
have limitations. Furthermore, both the BCSE and MMSE are not capable of discriminating 
between patients with MCI and patients with dementia. It is important to note, that the 
BCSE has been developed as a screener to quickly identify patients who may benefit from 
more extensive neuropsychological assessment; it should not be used as a stand-alone 
diagnosis tool. 
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Abstract
Background The Wechsler Memory Scale (WMS) is one of the most widely used test 
batteries to assess memory functions in patients with brain dysfunctions of different 
etiologies. This study examined the clinical validation of the Dutch version of the Wechsler 
Memory Scale – Fourth Edition (WMS-IV-NL) in patients with Temporal Lobe Epilepsy 
(TLE). 
Methods The sample consisted of 75 patients with intractable TLE who were eligible for 
epilepsy surgery, 77 demographically matched healthy controls. All participants were 
examined with the WMS-IV-NL.
Results Patients with TLE performed significantly worse than healthy controls on all 
WMS-IV-NL indices and subtests (p < .01), with the exception of the Visual Working Memory 
Index including its contributing subtests, as well as the subtests Logical Memory I, Verbal 
Paired Associates I and Designs II. In addition, patients with mesiotemporal abnormalities 
performed significantly worse than patients with lateral temporal abnormalities on the 
subtests Logical Memory I and Designs II and all the indices (p < .05), with the exception 
of the Auditory Memory Index and Visual Working Memory Index. Patients with either a 
left or a right temporal focus performed equally on all WMS-IV-NL indices and subtests 
(F(15, 50) = .70, p = .78), as well as the Auditory-Visual Discrepancy Score (t(64) = -1.40, p = .17). 
Conclusions The WMS-IV-NL is capable of detecting memory problems in patients with 
TLE, indicating it is a sufficiently valid memory battery. Furthermore, the findings support 
previous research showing that the WMS-IV has limited value in identifying material- 
specific memory deficits in pre-surgical patients with TLE. 
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Introduction
The Wechsler Memory Scale (WMS) is one of the most widely used memory batteries to 
assess different memory functions in patients with brain dysfunctions of different etiologies 
(Rabin, Barr, & Burton, 2005). The latest edition of the WMS, the Wechsler Memory Scale –
Fourth Edition (WMS-IV; Wechsler, 2009), has especially been improved in its sensitivity to 
memory impairment compared to the Wechsler Memory Scale – Third Edition (WMS-III; 
Wechsler, 1997) (Hoelzle, Nelson, & Smith, 2011). Moreover, the WMS-IV is considered to be 
more accurate in lateralizing material-specific memory problems (i.e., auditory verbal vs. 
visual non-verbal memory problems) due to a more clear-cut division of the auditory and 
visual memory components (Soble et al., 2014). Therefore, the purpose of the current study 
was to examine the validity of the Dutch version of the WMS-IV (WMS-IV-NL; Hendriks, Bouman, 
Kessels, & Aldenkamp, 2014) in patients with intractable temporal lobe epilepsy (TLE). 
 The medial temporal lobes are crucial for episodic memory formation and retrieval 
(Butler & Zeman, 2008; Helmstaedter & Kockelmann, 2006; Helmstaedter & Witt, 2012; 
Selwa et al., 1993; Squire, 2009). Not surprisingly, subjective memory complaints are 
common in patients with TLE and memory deficits are often established using neuropsy-
chological testing (Helmstaedter & Kockelmann, 2006; Blake, Wroe, Breen, & McCarthy, 
2000; Strauss et al., 1995). Moreover, there is evidence that memory deficits are more often 
observed in TLE patients with mesiotemporal abnormalities than those with lateral 
abnormalities in temporal structures (Gonzalez, Anderson, Wood, Mitchell, & Harvey, 2007; 
Helmstaedter, Sonntag-Dillender, Hoppe, & Elger, 2004).
 Whether patients with TLE have disruptions in working memory as well is still a matter 
of debate. Traditionally, it has been suggested that working memory was completely 
dependent on the fronto-parietal network (Shrager, Levy, Hopkins, & Squire, 2008). Some 
research has supported this view, showing that working memory is unaffected in patients 
with TLE (Shrager et al., 2008; Tudesco et al., 2010; Zarahn, Rakatin, Abela, Flynn, & Stern, 
2005). However, others have found working memory to be also dependent on the 
temporal lobes (Ezzyat & Olson, 2008; Olson, Page, Moore, Chatterjee, & Verfaellie, 2006; 
Owen, Morris, Sahakian, Poley, & Robbins, 1996; Stretton et al., 2014; Van Geldorp, Bouman, 
Hendriks, & Kessels, 2014). Several studies revealed working memory deficits in patients 
with TLE using the Wechsler Memory Scale –Revised (WMS-R; Wechsler, 1987) (Moore & 
Baker, 1996) and WMS-III (Baker, Austin, & Downes, 2003). 
 Because of the reported memory complaints in patients with TLE, assessment of 
memory functioning is a crucial element in neuropsychological evaluations of these 
patients (Camara, Nathan, & Puente, 2000). A wide variety of neuropsychological tests and 
batteries is available for the assessment of episodic memory problems, such as the 
WMS-IV. This memory battery assesses visual working memory and both visual and verbal 
episodic short term and long term memory, which could facilitate the discrimination 
between patients with either left TLE or right TLE (Soble et al., 2014).
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 Research using previous versions of the WMS compared left and right TLE patients. 
However, results are mixed. Some studies revealed an association between a left-hemi-
sphere localization and verbal memory performance (Barr, 1997; Doss, Chelune, & Naugle, 
2004; Harvey et al., 2008; Hendriks et al., 2004; Moore & Baker, 2003; Naugle, Chelune, 
Cheek, Lüders, & Awas, 1993; Wilde et al., 2004), whereas other studies related visual 
memory performance to right-hemisphere localization (Baker et al., 2003; Doss et al., 2004; 
Harvey et al., 2008; Wilde et al., 2001). In contrast, other studies did not find any differences 
between left and right TLE patients and WMS performance (Jones-Gotman et al., 2010; 
Raspall et al., 2005). So far, limited research has been conducted on the discriminative 
power of the WMS-IV to distinguish left from right TLE patients. One study did not find a 
relationship between the lateralization of the epileptic focus and material-specific 
memory problems (Soble et al., 2014), whereas others demonstrated that the WMS-IV 
could discriminate between left and right TLE (Schoenberg et al., 2013; Wechsler, 2009).
 In the present study, we examined the clinical utility of the WMS-IV-NL in pre-surgical 
patients with TLE by examining their performance on the WMS-IV-NL compared to a 
group matched healthy controls. It is expected that the patients with TLE will perform 
significantly worse on the WMS-IV-NL indices and subtests than healthy controls. In addition, 
it is expected that patients with mesiotemporal abnormalities perform significantly worse 
on the WMS-IV-NL indices and subtests than patients with lateral temporal abnormalities. 
Furthermore, we examined whether the WMS-IV-NL will be able to determine the 
lateralization of the epileptic focus.
Methods
Participants
The study sample consisted of 75 candidates for epilepsy surgery with TLE (35 men, mean 
age = 38.95, SD = 13.68) and 77 matched healthy controls (36 men, mean age = 39.10, SD 
= 13.69). The patient diagnosis was based on the findings of EEG monitoring and MRI-scans. 
Only patients with seizures of temporal origin with a clearly identified and localized focus 
within the temporal lobes were selected. Patients were divided into two groups according 
to the lateralization of the abnormalities: 44 patients with left TLE and 31 patients with 
right TLE. Additionally, 57 patients showed structural abnormalities on the MRI-scan. 
These patients were divided into a group with mesiotemporal abnormalities (n = 31; all 
patients had mesio temporal scelrosis) and a group (n = 26) with a variety of lateral 
abnormalities in temporal structures (consisting of tumor n = 11; cavernous hemangioma 
n = 5; cyste n = 3; cortical dysplasia n = 2; others or unspecified n = 5). Table 1 summarizes 
the participant characteristics. 
 The patients with TLE and healthy controls did not differ with respect to age (t(150) = 
-.07, p = .94), sex distribution (χ²(1) = .00, p = .99), and educational level (χ²(2) = .05, p = .98). 
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Overall, patients with TLE had significantly lower verbal intelligence level than healthy 
controls (Dutch version of the National Adult Reading Test [NART: Nelson, 1982; Schmand 
et al., 1992]: t(136) = 3.56, p  < .01). Low correlations were found between NART-IQ and the 
WMS-IV-NL subtest scores (Pearson product-moment correlations coefficients ranging 
from .25 to .44), therefore, no covariates were included in the analyses. Furthermore, the 
patients with left and right TLE did not differ with respect to seizure onset age (t(73) = -.12, 
p = .91), duration of epilepsy (t(73) = -.34, p = .74), anti-epileptic drugs use (no/mono/
poly-therapy: χ²(2) = 2.34, p = .31), or intelligence level (t(59) = .31, p = .76). Also, the patients 
with mesiotemporal or lateral temporal abnormalities on MRI-scan did not differ with 
respect to age (t(55) = .59, p = .56), sex distribution (χ²(1) = .37, p = .54), education level (χ²(2) 
= 2.71, p = .26), or intelligence level (t(44) = .71, p = .49).
 Patients with TLE were recruited from two different clinical practices, namely 
Kempenhaeghe Academic Centre for Epileptology, Heeze and Oosterhout, the Netherlands 
(n = 70), and Ghent University Hospital, Belgium (n = 4). All patients with TLE met the 
following inclusion criteria: completion of the full-length WMS-IV-NL Adult Battery; 
completion of an MRI-scan of the brain; candidates for epilepsy surgery; able to speak/
understand the Dutch language; and no hearing or visual impairment which made normal 
test administration impossible. The healthy controls were selected from the WMS-IV-NL 
standardization sample (Hendriks et al., 2014), and met the following inclusion criteria: 
ability to speak/understand the Dutch language; no significant hearing or visual impairment; 
no psychiatric or neurologic disorder; no substance abuse affecting cognitive functioning 
and no use of medicines affecting cognitive functioning. 
 The Institutional Review Board of Radboud University in Nijmegen approved the 
WMS-IV-NL standardization study and the patient study was approved by the Institutional 
Review Board of Kempenhaeghe.
Materials
The WMS-IV-NL was administered to measure memory performance in both the patients 
with TLE and the healthy controls. The WMS-IV-NL consists of an Adult Battery for 
participants aged 16-69 and an Older Adult Battery for participants aged 65-90. All 
participants in this study completed the Adult Battery, which consists of seven subtests, 
that is, the Brief Cognitive Status Exam (BCSE), Visual Reproduction Immediate/Delayed 
Recall (VR I/II), Logical Memory Immediate/Delayed Recall (LM I/II), Verbal Paired Associates 
Immediate/Delayed Recall (VPA I/II), Designs Immediate/Delayed Recall (DE I/II), Spatial 
Addition (SA) and Symbol Span (SSP). The scores on these subtests can be converted into 
five index scores, namely the Auditory Memory Index (AMI), the Visual Memory Index 
(VMI), the Immediate Memory Index (IMI), the Delayed Memory Index (DMI) and the Visual 
Working Memory Index (VWMI). The time to administer the WMS-IV-NL ranges between 
1.5 to 2 hours. The raw subtest scores were transformed into scaled scores for each subtest 
and index according to the procedure described in the test manual (Hendriks et al., 2014). 
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Procedure
The WMS-IV-NL was part of a thorough standard neuropsychological assessment 
conducted when epilepsy patients are referred for epilepsy surgery. To identify and 
localize the epileptic focus patients underwent EEG with video-monitoring and an 
MRI-scan. Based on the abnormalities found, patients were divided into two groups (left 
TLE and right TLE) according to the epilepsy focus lateralization. An additional division was 
made based on the kind of abnormalities found, namely mesiotemporal vs. lateral 
temporal abnormalities. 
 All healthy controls were selected as part of the Dutch standardization study and 
tested by trained assessors (see Hendriks et al. (2014) for a detailed description of the stan-
dardization process).
Data-analysis
To examine the construct validity of the WMS-IV-NL two steps were conducted. First, we 
compared patients with TLE and healthy controls using a one-way multivariate analysis of 
variance (MANOVA) with Group (TLE vs. healthy controls) as between-subject factor and 
the WMS-IV-NL index and subtest scores as dependent variables. Second, we performed 
another one-way MANOVA to examine whether patients with mesiotemporal abnormalities 
score lower on the WMS-IV-NL than patients with lateral temporal abnormalities, with 
Group (Mesiotemporal vs. Lateral) as between-subject factor and the WMS-IV-NL index 
and subtest scores as dependent variables. Significant differences were analyzed with 
Bonferroni-corrected post-hoc analyses. 
 Further, in order to study whether the WMS-IV-NL is capable of discriminating 
material- specific memory deficits, three steps were conducted. First, a one-way MANOVA 
with Group (Left TLE vs. Right TLE) as between-subject factor and the WMS-IV-NL index 
and subtest scores as dependent variables was performed. Significant differences were 
analyzed with Bonferroni-corrected post-hoc analyses. Then, Receiver Operating Charac-
teristics (ROC) analyses were performed with the WMS-IV-NL index and subtest scores as 
continuous variables and left TLE vs. right TLE as state variable. The area under the curve 
(AUC) was determined for each ROC curve, and cut-off points, sensitivity, and specificity 
were determined for all WMS-IV-NL index and subtest scores. Finally, we evaluated 
whether the Auditory-Visual Discrepancy score was able to discriminate between patients 
with left and right TLE.
 For all analyses, we used the scaled scores. Alpha level was set at 0.05, and an effect 
size (partial eta-squared; h2
partial
) of 0.01 was considered small, 0.06 medium and 0.14 large 
(Cohen, 1988). The data were analyzed using the Statistical Package for Social Sciences 
(SPSS) version 19.0.
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Results
Construct validity
The average WMS-IV-NL index and subtest scores for the TLE patients and the demo-
graphically matched control participants are presented in Table 2. The MANOVA with 
Group (TLE vs. healthy controls) as between-subject factor and the WMS-IV-NL index and 
subtest scores as dependent variables revealed a significant main effect for group, F(15, 
123)  = 2.27, p < .01, η
p
2 = .22, with TLE patients performing significantly worse than healthy 
controls on all WMS-IV-NL scores (p < .05), except for the subtests LM I, VPA I, DE II and the 
visual working memory measures (SA, SSP and VWMI). See also Table 2.  
Table 2   Mean scores and standard deviations of the WMS-IV-NL index and subtest 
scores for patients with TLE and healthy controls. 
TLE
M (SD)
Controls
M (SD)
F P h2 partial
WMS-IV-NL subtest scores
LM I 8.8 (3.4) 9.8 (3.0) 3.32 .071 .02
LM II 8.2 (3.6) 9.8 (3.2) 8.10 .005 .06
VPA I 8.6 (3.2) 9.5 (3.0) 3.12 .080 .02
VPA II 8.7 (3.2) 9.9 (3.2) 4.62 .033 .03
VR I 8.4 (3.4) 9.9 (2.9) 7.29 .008 .05
VR II 7.2 (3.3) 9.1 (3.0) 13.09 <.001 .09
DE I 8.7 (2.9) 9.8 (3.3) 4.38 .038 .03
DE II 8.4 (2.9) 9.4 (3.2) 3.62 .059 .03
SA 9.5 (3.7) 10.1 (3.3) 1.02 .314 .01
SSP 8.8 (3.2) 9.6 (3.4) 2.09 .151 .02
WMS-IV-NL index scores
AMI 91.1 (17.9) 98.3 (16.0) 6.26 .014 .04
VMI 88.6 (15.8) 99.3 (16.8) 14.90 <.001 .10
IMI 90.2 (17.1) 98.1 (15.5) 8.05 .005 .06
DMI 87.1 (17.1) 99.3 (16.1) 18.83 <.001 .12
VWMI 94.7 (18.9) 98.3 (18.1) 1.34 .249 .01
Note: The WMS-IV-NL scores are presented in age-adjusted scaled scores (index scores M = 100, SD = 15 and 
subtest scores M = 10, SD = 3).
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Additionally, the MANOVA with Group (mesiotemporal vs. lateral) as between-subject 
factor and the WMS-IV-NL index and subtest scores as dependent variables did not reveal 
a significant main effect for group, F(15, 35) = 1.20, p = .32, η
p
2 = .34. Since we had an a-priori 
hypothesis about the mesiotemporal group we performed post-hoc testing, revealing a 
significant group effect on the subtests LM I and DE II, and on all WMS-IV-NL index scores 
(p < .05) except for the AMI and VWMI. TLE patients with mesiotemporal abnormalities 
performing significantly worse than patients with lateral abnormalities in temporal 
structures. See also Table 3.  
Table 3   Mean scores and standard deviations of the WMS-IV-NL index and subtest 
scores for TLE patients with mesiotemporal abnormabilites and lateral 
temporal abnormabilities. 
TLE
Mesiotemporal 
M (SD)
Lateral temporal
M (SD)
F P h 2 partial
WMS-IV-NL subtest scores
LM I 7.6 (3.5) 9.4 (3.2) 3.97 .052 .08
LM II 6.7 (3.8) 8.6 (3.5) 3.63 .063 .07
VPA I 7.7 (3.5) 8.9 (3.2) 1.72 .195 .03
VPA II 8.0 (3.4) 8.7 (3.2) 0.56 .459 .01
VR I 7.9 (3.1) 9.6 (3.8) 3.42 .070 .07
VR II 6.4 (3.6) 7.9 (2.9) 2.75 .104 .05
DE I 8.0 (3.0) 9.5 (3.1) 3.21 .080 .06
DE II 7.5 (2.8) 9.2 (2.7) 5.12 .028 .03
SA 8.5 (3.7) 10.4 (3.9) 2.93 .093 .06
SSP 8.2 (3.3) 9.3 (3.3) 1.46 .233 .03
WMS-IV-NL index scores
AMI 84.5 (18.6) 93.4 (18.1) 3.00 .089 .06
VMI 83.9 (15.9) 94.1 (15.2) 5.42 .024 .10
IMI 84.3 (16.5) 95.7 (18.8) 5.27 .026 .10
DMI 80.5 (17.8) 90.3 (15.0) 4.51 .039 .08
VWMI 90.3 (19.9) 99.0 (19.6) 2.49 .121 .05
Note: The WMS-IV-NL scores are presented in age-adjusted scaled scores (index scores M = 100, SD = 15 and 
subtest scores M = 10, SD = 3).
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Material-specific memory deficits
The MANOVA with Group (left TLE vs. right TLE) as between-subject factor and the 
WMS-IV-NL index and subtest scores as dependent variables did not reveal a significant 
main effect for group (F(15, 50) = .70, p = .78, η
p
2 = .17), with no significant difference 
between the performance of left TLE patients and right TLE patients. See also Table 4. 
 The ROC analyses of the WMS-IV-NL index and subtest scores for the left TLE 
compared to the right TLE groups resulted in poor classification accuracy levels (AUC 
values between lower than .56, all p-values > .1) making it not possible to determine 
optimal cut-off scores (Hosmer & Lemeshow, 2000). 
Table 4   Mean scores and standard deviations of the WMS-IV-NL index and subtest 
scores for TLE patients with mesiotemporal abnormabilites and lateral 
temporal abnormabilities. 
TLE
Left 
M (SD)
Right
M (SD)
F P h2 partial
WMS-IV-NL subtest scores
LM I 8.84 (3.2) 8.8 (3.6) .01 .913 >.01
LM II 8.0 (3.5) 8.4 (3.9) .16 .695 >.01
VPA I 8.5 (3.0) 8.7 (3.5) .03 .858 >.01
VPA II 8.5 (3.1) 9.0 (3.4) .37 .543 >.01
VR I 8.9 (3.0) 7.8 (3.8) 1.93 .169 .03
VR II 7.8 (3.7) 6.5 (3.0) 2.55 .115 .04
DE I 8.8 (2.9) 8.5 (3.0) .24 .628 >.01
DE II 8.4 (2.8) 8.5 (3.0) .03 .855 >.01
SA 10.0 (3.3) 8.7 (4.1) 2.01 .161 .03
SSP 9.3 (3.3) 8.1 (3.0) 2.37 .129 .04
WMS-IV-NL index scores
AMI 90.6 (16.5) 91.9 (19.8) .09 .772 >.01
VMI 90.4 (15.4) 86.1 (16.2) 1.19 .280 .02
IMI 91.3 (16.0) 88.8 (18.8) .34 .561 >.01
DMI 87.3 (16.9) 86.8 (17.7) .02 .896 >.01
VWMI 98.1 (17.4) 90.1 (20.2) 2.91 .093 .04
Note: The WMS-IV-NL scores are presented in age-adjusted scaled scores (index scores M = 100, SD = 15 and 
subtest scores M = 10, SD = 3).
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 Also, we explored whether the Auditory-Visual discrepancy score was able to 
discriminate between patients with either left or right TLE. Overall, there was no significant 
difference between left and right TLE patients (t(64) = -1.40, p = .17). The discrepancy score 
was further analysed using a > 10-point, > 15-point and >20-point difference to assess its 
ability to discriminate patients with left TLE (verbal < visual) and right TLE (verbal > visual). 
As shown in Table 5, between 8% and 21% of the patients with left TLE were classified 
correctly, whereas between 21% and 57% of the patients with right TLE were classified 
correctly. 
Discussion
The present study examined the validity of the WMS-IV-NL in patients with medically 
intractable TLE. Moreover, we examined whether material-specific memory deficits can 
be distinguished using the WMS-IV-NL. 
 Overall, our findings indicated that patients with TLE performed significantly lower 
than matched healthy controls on all WMS-IV-NL indices and subtests, except on the 
subtests LM I, VPA I and DE II and the subtests and index assessing visual working memory 
(SA, SSP and VWMI). These results are consistent with previous studies in TLE patients 
using the WMS showing that especially episodic memory is impaired, and working 
memory function is relatively unaffected (Shrager et al., 2008; Tudesco et al., 2010; Zarahn 
et al., 2005), however some previous WMS studies reported a worse working memory 
performance in TLE patients (Baker et al., 2003; Moore & Baker, 1996). 
 Furthermore, patients with mesiotemporal abnormalities performed significantly 
worse than patients with lateral temporal abnormalities on the subtests LM I and DE II, and 
the indices VMI, IMI and DMI, which is compatible with the notion that memory deficits 
Table 5   Percentage of TLE-patients correctly or incorrectly lateralized based on the 
WMS-IV-NL Auditory-Visual discrepancy score. 
Auditory-Visual discrepancy score
>10 >15 >20
Left TLE
   Correctly classified
   Incorrectly classified
21
26
18
16
8
11
Right TLE
   Correctly classified
   Incorrectly classified
57
25
36
21
21
7
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are more often observed in TLE patients with mesiotemporal abnormabilities than those 
with lateral temporal abnormalities (Gonzalez et al., 2007; Helmstaedter et al., 2004). Thus, 
the subtests LM I and DE II and the indices VMI, IMI and DMI are found to be the most 
valuable to distinguish between mesiotemporal and lateral temporal abnormalities. 
In line with the studies of Jones-Gotman et al. (2010), Raspall et al. (2005), and Soble et al 
(2014), our results revealed that the WMS-IV-NL is not able to distinguish between a left 
and right temporal lateralization of the epileptic focus. Moreover, patients with right TLE 
did not perform significantly worse on visual memory compared to verbal memory, 
whereas patients with left TLE did not perform significantly worse on verbal memory in 
comparison to visual memory. In addition, no significant differences were found between 
left TLE and right TLE patients on the other WMS-IV-NL index, subtest scores or visual vs. 
verbal discrepancy score.
 Our findings are, however, in contrast with the results of previous studies on the 
WMS-R (Hendriks et al., 2004; Moore & Baker, 1996; Naugle et al., 1993), WMS-III (Baker et al., 
2003; Doss et al., 2004; Harvey et al., 2008) and WMS-IV (Schoenberg et al., 2013; Wechsler, 
2009) that found support for the use of the WMS for distinguishing the lateralization of the 
epileptic focus in patients with TLE. A reason for this discordancy may be differences in the 
samples; the current study included pre-surgical candidates, whereas others included 
post-surgical patients (Doss et al., 2004; Naugle et al., 1993; Schoenberg et al., 2013; 
Wechsler, 2009) or both pre- and post-surgical patients (Harvey et al., 2008). Although the 
WMS-IV may not be able to lateralize the epileptic focus in pre-surgical patients, future 
research should examine its ability in post-surgical patients. Moreover, it would be 
interesting to examine the relationship between pre-surgical performance on the 
WMS-IV-NL, and its sensitivity to post-operative changes.
 Several potential limitations of this study need to be addressed. First, although we 
had a large overall sample size that is comparable to previous WMS-IV studies in TLE 
patients, the sample size was limited when the participants were divided into subgroups. 
Second, the etiology in the patient group with lateral temporal abnormalities was more 
heterogeneous than the mesiotemporal group. 
 In conclusion, findings from the current study support the clinical utility of the 
WMS-IV-NL to detect memory problems in patients with TLE. The WMS-IV-NL assesses a 
wide range of memory components which makes this instrument a valuable addition to 
clinical practice. However, based on our findings, we cannot recommend the use of the 
WMS-IV-NL for the determination of the lateralization of the epilepsy focus in pre-surgical 
patients with TLE. 
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Abstract
Background Recognition and visual working memory tasks from the Wechsler Memory 
Scale – Fourth Edition (WMS-IV) have previously been documented as useful indicators for 
suboptimal performance. The present study examined the clinical utility of the Dutch 
version of the WMS-IV (WMS-IV-NL) for the identification of suboptimal performance 
using an analogue study design. 
Methods The patient group consisted of 59 mixed-etiology patients; the experimental 
malingerers were 50 healthy individuals who were asked to simulate cognitive impairment 
as a result of a traumatic brain injury; the last group consisted of 50 healthy controls who 
were instructed to put forth full effort. 
Results Experimental malingerers performed significantly lower on all WMS-IV-NL tasks 
compared to the patients and healthy controls. A binary logistic regression analysis was 
performed on the experimental malingerers and the patients. The first model contained 
the visual working memory subtests (Spatial Addition and Symbol Span) and the 
recognition tasks of the following subtests: Logical Memory, Verbal Paired Associates, 
Designs, Visual Reproduction. The results showed an overall classification rate of 78.4 %, 
and only Spatial Addition explained a significant amount of variation (p < .001). Subsequent 
logistic regression analysis and Receiver Operating Characteristic (ROC) analysis supported 
the discriminatory power of the subtest Spatial Addition. A scaled score cut-off of <4 
produced 93% specificity and 52% sensitivity for detection of suboptimal performance. 
Conclusions The WMS-IV-NL Spatial Addition subtest may provide clinically useful 
information for the detection of suboptimal performance.
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Introduction
Assessment of memory functioning plays a key role in neuropsychological evaluation of 
patients with a variety of neurological and psychiatric disorders. There are several well- 
developed and standardized memory tests and batteries available, such as the Wechsler 
Memory Scale (WMS) (Lezak et al., 2012). However, one of the difficulties that arise when 
validating neuropsychological tests is the assumption that the test performance of the 
examinee is a true reflection of his or her actual level of ability (Brennan & Gouvier, 2006; 
Larrabee, 2012; Merckelbach, Smeets, & Jelicic, 2009; Slick, Sherman, & Iverson, 1999). 
Therefore, it is recommended to assess performance validity routinely in neuropsychological 
evaluations (Bush et al., 2005; Heilbronner et al., 2009; Neuropsychology, 2007).
 One possible cause for invalid test performance is malingering, which is defined as 
“the intentional production of false or grossly exaggerated physical or psychological 
problems. Motivation for malingering is usually external (e.g., avoiding military duty or 
work, obtaining financial compensation, evading criminal prosecution, or obtaining 
drugs)” (DSM-V; American Psychiatric Association, 2013). There are several performance 
validity tests (PVTs) that are designed with the purpose to assess whether an individual’s 
test performance on data obtained by neuropsychological tests is valid (Dandachi-Fitz-
Gerald, Ponds, & Merten, 2013; Larrabee, 2012). Examples of PVTs are the Test of Memory 
Malingering (TOMM; Tombaugh, 1996) and the Amsterdam Short Term Memory Test 
(ASTM: Schagen, Schmand, de Sterke, & Lindeboom, 1997; Schmand, Lindeboom, & 
Merten, 2005).
 In addition to PVTs, several studies have proposed methodologies to derive indicators 
of suboptimal performance within common neuropsychological tests, so called 
“embedded” validity indicators (Larrabee, 2012; Slick et al., 1999). Well-established 
embedded indicators for suboptimal performance are poor performance on recognition 
tasks in relation to relatively adequate performance on delayed recall tasks (Bernard, 1990; 
Haines & Norris, 2001; Langeluddecke & Lucas, 2003) and relatively poor performance on 
tasks involving immediate span of attention, as they may be perceived as memory tasks 
by malingerers while tapping simple attentional functions (Axelrod, Fichtenberg, Millis, & 
Wertheimer, 2006; Heinly, Greve, Bianchini, Love, & Brennan, 2005; Iverson & Tulsky, 2003; 
Langeluddecke & Lucas, 2003). 
 In particular memory tests have been examined to determine their efficacy in 
identifying suboptimal performance (cf. Lu, Rogers, & Boone, 2007; Suhr & Barrash, 2007), 
mainly because tests designed to assess memory and concentration are particularly 
susceptible to exaggeration or fabrication of cognitive impairment. This is hardly surprising 
given that it is well known that memory and concentration disorders are common 
symptoms following head injury (Mittenberg, Azrin, Millsaps & Heilbronner, 1993; Williams, 
1998). Several studies have examined indicators and patterns of suboptimal performance 
using the Wechsler Memory Scale – Third Edition (WMS-III: Wechsler, 1997), with varying 
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levels of success. Some of these studies have used the entire instrument and demonstrated 
that malingering traumatic brain injury (TBI) patients returned lower WMS-III mean scores 
than non-malingering TBI patients (Langeluddecke & Lucas, 2003; Ord, Greve, & Bianchini, 
2008). Other studies have examined the use of specific subtests (Faces; Glassmire et al., 
2003), rarely missed items (Rarely Missed Index; Bortnik et al., 2010; Killgore & DellaPietra, 
2000; Lange, Sullivan, & Anderson, 2005; L. J. Miller, Ryan, Carruthers, & Cluff, 2004; Swihart, 
Harris, & Hatcher, 2008), and difference-scores for index and subtests (Lange, Iverson, Sullivan 
& Anderson, 2006; Langeluddecke & Lucas, 2003) to discriminate between malingering 
and non-malingering patients.
 For the latest editions of the Wechsler’s intelligence and memory batteries, the 
Wechsler Adult Intelligence Scale – Fourth Edition (WAIS-IV: Wechsler, 2008) and the 
Wechsler Memory Scale – Fourth Edition (WMS-IV: Wechsler, 2009), the additional 
Advanced Clinical Solutions (ACS) package provides several embedded measures for the 
detection of malingering including the Reliable Digit Span from the WAIS-IV (Greiffenstein, 
Baker, & Gola, 1994), the four recognition tasks (LM Recognition (LM-Rec), VPA Recognition 
(VPA-Rec), VR Recognition (VR-Rec) and DE Recognition (DE-Rec)) from the WMS-IV, and 
the newly developed Word Choice Test (which has a similar format as the Warrington 
Memory Test) (Holdnack & Drozdick, 2009).
 So far, only two studies found promising results for the WMS-IV ACS package as an 
effective tool for detection of suboptimal performance (J. B. Miller et al., 2011; Holdnack & 
Drozdick, 2009). Furthermore, a recent study by Young, Caron, Baughman and Sawyer 
(2012) identified the Symbol Span subtest as an indicator of suboptimal performance. This 
is not surprising as the Symbol Span is a visual analogue of the Digit Span task, which has 
proven to be able to detect malingering according to a number of validation studies 
(Axelrod et al., 2006; Babikian, Boone, Lu, & Arnold, 2006; Heinly et al., 2005; Iverson & 
Tulsky, 2003).
 The WMS is one of the most widely used memory batteries to assess memory 
function (Rabin, Barr & Burton, 2005). Several studies have reported effective embedded 
validity indicators using previous versions of the WMS, but so far only few studies used the 
WMS-IV. The aim of our study is to examine whether several tasks of the WMS-IV can be 
used as embedded validity indicators using the Dutch version of this battery (WMS-IV-NL; 
Hendriks, Bouman, Kessels & Aldenkamp, 2014). We selected a number of tasks that we 
expected to distinguish between malingering participants and non-malingering 
neurological patients. First, we selected the visual working memory tasks SA and SSP, as 
working memory tests were previously found to be sensitive in other WMS studies (Lange 
et al., 2006; Young et al., 2012). Secondly, we selected the recognition tasks LM-Rec, 
VPA-Rec, DE-Rec and VR-Rec, because these subtests were already shown to be sensitive 
in previous research using the WMS-IV (J. B. Miller et al., 2011; Holdnack & Drozdick, 2009). 
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Methods
Participants
A three-group design was used to compare WMS-IV-NL performance of healthy volunteers 
who were instructed to simulate cognitive impairment due to TBI (i.e., “experimental 
malingerers”), mixed-etiology patients and healthy controls. The first sample of experimental 
malingerers consisted of 50 healthy participants who were instructed to pretend to be 
cognitively impaired as a result of a TBI. This group of participants was recruited by the 
researchers through their network. Exclusion criteria for this sample were: inability to speak/ 
understand the Dutch language; significant hearing or visual impairment; psychiatric or 
neurologic disorder; substance abuse affecting cognitive functioning; use of medicines 
affecting cognitive functioning; and not following the malingering instruction, as 
established by a questionnaire and a PVT: the ASTM (see also procedure). 
 Second, a total of 59 mixed-etiology patients were recruited from several rehabilitation 
centres in the Netherlands (Bavo-Europoort Center for Neuropsychiatry / Acquired brain 
injury, Rotterdam (n = 21); Bravis Hospital Roosendaal (n = 20); Rehabilitation Centre Groot 
Klimmendaal Arnhem (n = 14); and Sophia Rehabilitation Centre, The Hague (n = 4). Of 
these patients, 27 were diagnosed with TBI; 23 with a stroke (CVA); 4 with postanoxic 
encephalopathy; 2 with a tumor; 2 with multiple sclerosis and 1 with meningococcal 
meningitis. Patients were excluded if they met the following exclusion criteria: inability to 
speak/understand the Dutch language; significant hearing or visual impairment; evidence 
for suboptimal performance (based on performance validity testing or expert opinion).
 The third sample of participants consisted of 50 healthy controls selected from the 
WMS-IV-NL standardization study (see Hendriks et al., 2014 for a detailed description of the 
participant’ selection), and were matched for age, sex, and education level with the other 
groups. Moreover, healthy controls were excluded if they met the following exclusion criteria: 
inability to speak/understand the Dutch language; significant hearing or visual impairment; 
psychiatric or neurologic disorder; substance abuse affecting cognitive functioning; and use 
of medicines affecting cognitive functioning. Participant characteristics are summarized 
in Table 1.
Measures
The primary measure in this study was the WMS-IV-NL, which was administered and 
scored according to the test manual (Hendriks et al., 2014). The authorized Dutch version 
of the WMS-IV is equivalent to the original American version. The nonverbal visual stimuli 
are identical in both language versions, and the instruction, auditory stimuli and scoring 
criteria were translated and adapted to the Dutch language. A previous study revealed 
that the WMS-IV and WMS-IV-NL have a similar factor structure (Bouman, Hendriks, 
Kerkmeer, Kessels, & Aldenkamp, 2015). 
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 The WMS-IV-NL contains one optional subtest, the Brief Cognitive Status Exam (BCSE), 
and six primary subtests: Logical Memory (LM), Verbal Paired Associates (VPA), Designs 
(DE), Visual Reproduction (VR), Spatial Addition (SA) and Symbol Span (SSP). Of these, four 
subtests (LM, VPA, DE and VR) have immediate and delayed recall conditions. The primary 
subtests were converted into age-adjusted scaled scores (M = 10, SD = 3), which were used 
in all analyses. These subtest scaled scores can be used to calculate five index scores: 
Auditory Memory Index (AMI), Visual Memory Index (VMI), Immediate Memory Index (IMI), 
Delayed Memory Index (DMI) and Visual Working Memory Index (VWMI). Several subtests 
also include optional tasks, including recognition tasks (for the subtests LM, VPA, DE and 
VR), separate scores for DE content and spatial scores, a word recall task for VPA (in which 
the examinee is asked to sum up as many of the words from the pairs as he or she can 
recall) and a copy task for VR (in which the examinee is asked to draw the figures while 
looking at them). Because the score distribution of the recognition tasks and the VR copy 
task are highly skewed, there are no scaled scores available in the WMS-IV. Thus, in the 
following analyses raw scores were used for these tasks. 
 In addition, the Dutch version of the National Adult Reading Test (NART: Nelson, 1982; 
DART: Schmand, Lindeboom, & Van Harskamp, 1992) was administered to all participants 
to obtain an estimation of premorbid verbal intelligence. Moreover, the experimental 
malingerers underwent short structured interviews at the beginning and the end of 
the examination and completed the ASTM (Schagen et al., 1997; Schmand et al., 2005). 
The ASTM is a forced-choice verbal memory test that is designed to assess (in)valid 
Table 1   Participant characteristics. 
Experimental 
malingerers
Mixed- 
etiology 
patients
Controls Statistic p
N 50 59 50
Age (Mean, SD) 40.6 (14.7) 46.1 (16.3) 40.3 (14.6) F (2, 156) = 2.57 .083
Sex distribution (M/F) 28/22 40/19 28/22 χ² (2, n=159) = 2.16 .340
Education Level (Low/
Average/High)
15/21/14 26/18/12 16/21/13 χ² (2, n=159) = 3.05 .218
DART IQ (Mean, SD) 102.3 (13.7) 94.8 (14.4) 101.8 (15.4) F (2, 149) = 4.33 .015
Note. Education level was assessed by classifying formal schooling in the Netherlands according to the 
grouping of the Central Office for Statistics of the Netherlands (CBS, 2011), which is based on the International 
Standard Classification of Education (ISCED: United Nations Educational, Scientific and Cultural Organisation 
Institute for Statistics UNESCO-UIS, 2011).
The NART IQ was not available from all patients. The sample size of the experimental malingerers: n  = 50, 
mixed-etiology patients: n = 54, and healthy controls: n = 48.
WMS-IV-NL indicators of suboptimal effort  |  117
8
performance. Individual performance on the ASTM was used to perform a manipulation 
check (i.e., to check whether a experimental malingerer performed below the previously 
established cut-off score of ≤ 84). With a cut-off score of ≤ 84 the ASTM has a sensitivity 
of 91% and a specificity of 89% (Schmand et al., 2005). Also, two questionnaires were used 
to determine how they interpreted the complaints accompanying TBI (for the detailed 
questionnaires see Appendix). 
Procedure
This study was approved by the Institutional Review Board of the Faculty of Social Sciences 
of Radboud University in Nijmegen, and patient data were collected as part of the routine 
clinical assessment of each participating centre. Written informed consent was obtained 
from all participants. 
 The examiner provided the participants in the experimental malingering group with 
the following scenario and instructions containing symptom coaching two days before 
testing. This scenario was based on previous studies (Brennan & Gouvier, 2006; Brennan et 
al., 2009; Suhr & Gunstad, 2000; Tan, Slick, Strauss, & Hultsch, 2002; Weinborn, Woods, 
Nulsen, & Leighton, 2012) and the recommendations outlined by Suhr and Gunstad (2000).
 
Instructions: Six months ago you were involved in a car accident, and you don’t suffer any 
consequences from it at the moment. Imagine that your lawyer tells you that you could get 
a large sum of money from an insurance company, but only if it is determined that you 
suffer from brain damage. In a few days, you will undergo neuropsychological tests to 
assess whether you have brain damage. You have decided to simulate the symptoms of 
brain damage. Commonly experienced problems in brain damage are: fatigue, memory 
problems and problems with attention, depression, slowed response, irritability and 
anxiety. Try to imagine how a person with brain damage would perform on these tests 
you’re about to take. Do keep in mind that you have to make it seem believable; some of the 
tests you will take can be specifically designed to detect people faking. When the results of 
the assessment show that you have been faking, you will not get the money. If you think it 
is necessary you may look for information about brain damage to prepare yourself. You 
cannot ask the test assessor any questions about your role though.
This scenario was successfully used in prior research as an example of extrinsic motivation 
to malinger (Brennan & Gouvier, 2006; Jelicic, Merckelbach, Candel, & Geraerts, 2007). 
Furthermore, the described TBI symptoms were likely to be found online or to be provided 
by a client’s lawyer in a real litigation case. If a participant was unable or unwilling to follow 
the instructions, he/she was excluded from the study.
 Prior to testing, all experimental malingerers underwent a structured interview about 
their complaints to simulate a true neuropsychological assessment. Following the 
completion of the neuropsychological tests according to the standardized procedures – 
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ASTM, WMS-IV-NL – the experimental malingerers completed a questionnaire requiring 
them to report whether or not they followed instructions to feign cognitive impairment 
(for the detailed questionnaires see Appendix). The participant’s data were removed from 
analysis in case the instructions had not been followed. Finally, the experimental 
malingerers were asked to put forth their full effort on the DART. 
 For the patients, the WMS-IV-NL and DART were administered as part of a 
comprehensive neuropsychological evaluation; for the healthy controls, the WMS-IV-NL 
and DART were administered as part of the Dutch standardization study (Hendriks et al., 
2014). All these participants were asked to put forth their full effort on all (neuro)
psychological tests. 
Analyses
First, we compared the three groups (experimental malingerers, mixed-etiology patients 
and healthy controls) using a one-way multivariate analyses of variance (MANOVA) with 
Group (experimental malingerers, patients, healthy controls) as between-subject factor 
and 15 WMS-IV-NL subtest scores as dependent variables. Furthermore, as the WMS-IV-NL 
BCSE and subtest recognition scores were not normally distributed, Kruskall-Wallis analyses 
were carried out. Significant differences were analyzed with Bonferroni-corrected post- 
hoc analyses. 
 Group means of overall performance reveal little information about the test’s ability 
to detect suboptimal performance, and therefore, we also performed logistic regression 
analyses. As the working memory and recognition subtests are expected to indicate 
malingering based on previous research and theoretical background, we used these six 
scores in a logistic regression analysis (SA, SSP, LM II Rec, VPA II Rec, DE II Rec and VR II Rec). 
Only experimental malingerers and patients were included, as the differentiation between 
these two groups was of interest here. If a selection of WMS-IV-NL score(s) were found to 
contribute substantially to the model’s ability to predict outcome, a subsequent logistic 
regression analysis that contains only these important predictor(s) was fitted. The Hos-
mer-Lemeshow goodness-of-fit statistic (Hosmer & Lemeshow, 2000) was used to 
determine whether the models provided a good fit for the data. A significant Hosmer-Le-
meshow value means that the calibration is insufficient, but large values (p > 0.05) indicate 
that the models are well calibrated and fit the data. Furthermore, Receiver Operating 
Characteristics (ROC) analyses were performed on the selection of significant predictor(s). 
ROC analysis generates an Area Under the Curve (AUC) value, which indicates the 
discriminative power of the predictor. 
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Results
All experimental malingerers scored below the previously established cut-off score of 84 
on the ASTM (range = 34 to 83), which indicates that all participants followed the 
instructions and adequately feigned (mild) brain damage according to the present 
scenario. 
Group comparisons
 The three groups were equivalent for age, sex and education level (all p values > .08), but 
significant differences were found for verbal intelligence level (DART IQ: F(2, 149) = 4.33, 
p  < .05,  η
p
2 = .06). Bonferroni-corrected post-hoc analyses revealed that the patients and 
healthy controls did not differ significantly (p = .05), whereas the patients revealed lower 
verbal intelligence level than the experimental malingerers (p = .03). Correlation analyses 
revealed that there were low correlations between DART IQ and the WMS-IV-NL subtest 
scores (Pearson product-moment correlations coefficients ranging from -.02 to .34), 
therefore, no covariates were included in the analyses. 
 The MANOVA with Group (experimental malingerers, patients and healthy controls) 
as between-subject factor and 15 WMS-IV-NL subtest scores as dependent variables 
revealed an overall main effect for group (F(30, 266) = 5.67, p  < .001, η
p
2 = .39). Moreover, 
the Kruskall-Wallis analyses revealed significant main effects of group for the WMS-IV-NL 
BCSE and subtest recognition scores (all p < .001). Bonferroni-corrected post hoc tests 
revealed that patients performed worse than healthy controls on all WMS-IV-NL scores, 
except for the VR II Copy task. Moreover, the experimental malingerers performed worse 
than healthy controls on all WMS-IV-NL scores, except for the process-score DE I Content; 
and they performed worse than the patients on LM I, LM II, VR I, SA, SSP, BCSE, and three of 
the four recognition tasks (LM-Rec, VPA-Rec and VR-Rec). The average WMS-IV-NL subtest, 
BCSE, recognition and process scores for the experimental malingerers, patients and 
healthy controls are presented in Table 2.
Classification accuracy statistics
A logistic regression model was fitted to determine which of the WMS-IV-NL tasks best 
discriminated between patients and experimental malingerers. Given our a-priori 
hypothesis, the WMS-IV-NL visual working memory subtests (SA and SSP) and recognition 
tasks (LM-Rec, VPA-Rec, DE-Rec and VR-Rec) were entered as independent variables into 
the initial model. A test of the model with these six variables against a constant-only 
model was statistically significant (χ²(6) = 45.78, p < .001), indicating that this combination 
of variables was able to distinguish between patients and experimental malingerers. 
Moreover, the value of the Hosmer-Lemeshow goodness-of-fit statistic was 4.11 and the 
corresponding p-value was .85, which indicated that this model was well calibrated. The 
model as a whole explained between 36.2% (Cox and Snell R square) and 48.2% 
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(Nagelkerke R squared) of the variance and correctly classified 78.4% of cases. As reported 
by the Wald criterion, only the SA subtest explained a significant amount of variation (p < 
.001), recording an odds ratios of 0.60. 
 Next, a univariate logistic regression model that contained the stand-alone SA subtest 
was fitted. This model was performed to determine whether the SA subtest alone revealed 
a similar model classification. A test of the model with this variable against a constant-only 
model was statistically significant (χ²(1) = 44.30, p < .001), indicating that the SA subtest 
was able to distinguish between patients and experimental malingerers. Moreover, the 
value of the Hosmer-Lemeshow goodness-of-fit statistic was 1.58 and the corresponding 
p-value was .99, which indicated that this model was well calibrated. The SA explained 
between 34.7% (Cox and Snell R square) and 46.3% (Nagelkerke R squared) of the variance 
and correctly classified 76.9% of cases. The odds ratio was 0.58, which indicates that for 
every additional subtest scaled score point on the subtest SA, respondents were .58 times 
less likely to malinger. The regression coefficients for both models are presented in Table 3.
 Predictive performance of the subtest SA was further examined using a ROC analysis, 
which revealed that SA produced a good separation between the groups as indicated by 
the AUC of .85 (SD = .04, p < .001, 95% CI .77 to .92) (Hosmer & Lemeshow, 2000). Figure 1 
shows the ROC curve for the SA subtest for detecting suboptimal performance. As the 
current study evaluates cut-off scores for measuring performance validity, high specificity 
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Table 3   Logistic regressions for predictive value of subtests differentiating 
experimental malingerers from mixed-etiology patients for the full model 
and single variable models. 
Model Predictor B SE Wald df p Odss 
ratio
95% CI  
for odds ratio
Full model WMS-IV-NL subtest 
scores
SA -0.514 .134 14.770 1 < .001 0.598 0.460-0.777
SSP 0.041 .108 .142 1 .706 1.041 0.843-1.287
WMS-IV-NL recognition scores
LM-Rec -0.010 .098 .011 1 .915 0.990 0.817-1.199
VPA-Rec -0.056 .072 .590 1 .442 0.946 0.821-1.090
DE-Rec 0.042 .097 .188 1 .665 1.043 0.862-1.262
VR-Rec -0.060 .198 .091 1 .763 0.942 0.639-1.388
Constant 4.525 2.288 3.912 1 .048 92.284  
Single  
variable
SA -0.545 .108 25.623 1 < .001 0.580 0.470-0.716
Constant 3.092 .656 22.227 1 < .001 22.014
122  |  Chapter 8
rates are required to minimize false-positive errors, that is, misdiagnosing an individual 
with real cognitive deficits (Larrabee & Berry, 2007). A specificity of 90% is recommended 
(Axelrod et al., 2006; Babikian et al., 2006), but this reduces the sensitivity to 52%. In some 
contexts, other pre-assigned values for sensitivity and specificity may be preferred, and 
therefore, a range of probability cut-off scores for SA and their associated diagnostic 
efficiency found in this sample is presented in Table 4. 
Figure 1    ROC curve for Spatial Addition subtest scaled score for distinguishing 
experimental malingerers from mixed-etiology patients.
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Discussion
The present study aimed to examine whether several tasks of the WMS-IV-NL could be 
used as embedded indicators for the differentiation between malingerers and patients 
with mild to severe acquired brain injuries. Overall, the Spatial Addition subtest may 
provide clinically useful information for the detection of suboptimal performance. 
 Our findings concerning the between-group comparisons indicated that both the 
experimental malingerers and the mixed-etiology patients performed significantly lower 
than healthy controls on all WMS-IV-NL scores, which is in line with previous studies 
(Carlozzi, Grech, & Tulsky, 2013; Langeluddecke & Lucas, 2003; Ord et al., 2008). Furthermore, 
in comparison with the patients, experimental malingerers scored significantly worse on 
the optional cognitive screener (BCSE), two auditory verbal memory subtests (LM I and LM 
II), one visual memory subtest (VR I), both visual working memory subtests (SA and SSP) 
and three of the four recognition tasks (LM-Rec, VPA-Rec and VR-Rec). These results are in 
agreement with the notion that malingerers have a tendency to overestimate the 
magnitude of cognitive deficits arising from brain injury, and as a result, show even poorer 
performances than patients on previous editions of the WMS (Langeluddecke & Lucas, 
2003; Rogers, 2007; Schwartz et al., 1998).
Table 4   Sensitivity and specificity for different Spatial Addition subtest scaled score 
cut-off scores. 
Cut-off value Sensitivity Specificity
< 2 10% 100%
< 3 30% 96%
< 4 52% 93%
< 5 62% 89%
< 6 74% 80%
< 7 80% 70%
< 8 94% 50%
< 9 96% 43%
< 10 98% 26%
< 11 100% 17%
Note: Extreme values for the curve were omitted to increase readability.
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 Since differences in group means of overall performance reveal little information 
about the test’s ability to detect suboptimal performance, the classification accuracy 
statistics are noteworthy. In our first logistic regression analysis, the visual working memory 
subtests (SA and SSP) and recognition tasks (LM-Rec, VPA-Rec, DE-Rec and VR-Rec) were 
found to discriminate 78.4% of cases. Of the variables entered in the model, only the SA 
subtest differentiated significantly between patients and experimental malingerers. These 
results are in contrast with some studies that have showed the use of multiple WMS-IV 
scores for the detection of suboptimal performance (J. B. Miller et al., 2011; Holdnack & 
Drozdick, 2009; Young et al., 2012). J.B. Miller and colleagues (2011) found that four of the 
five WMS-IV ACS scores (i.e., Word Choice Test, Digit Span, VPA-Rec and VR-Rec) performed 
well in discriminating between moderate to severe TBI patients and coached experimental 
malingerers; and Young and colleagues (2012) found that the SSP subtest differentiated 
well between adequate and inadequate effort in a mixed clinical group of veterans.
 Our second logistic regression analysis and the ROC analysis on the stand-alone SA 
subtest, reveals that this subtest alone has good overall discriminative validity in the 
detection of malingering with an AUC value of .85. This result is comparable to the AUCs 
reported for the WMS-IV Word Choice Test and WMS-IV SSP subtest (i.e., AUC values of .84 
and .75 respectively: J.B. Miller et al., 2011 and Young et al., 2012), but lower than the AUC 
value of .95 that was found for the WMS-IV ACS package (including the WMS-IV recognition 
tasks, the Word Choice Test and reliable digit span: J.B. Miller et al., 2011). Furthermore, the 
SA subtest has a sensitivity of 52% at a specificity of 93%. Thus, when the performance on 
SA results in a score of 4 or less, there is a substantial risk of approximately 50% false 
negatives (i.e., missing feigned cognitive impairment), but more importantly, there is only 
a risk of approximately 10% false positives (i.e., misclassifying an individual with real 
cognitive deficits). These results are comparable to the previously reported average 
sensitivity of .53 and specificity of .91 for 5 embedded indicators on standard neuropsy-
chological and psychological tests (Larrabee, 2003). Moreover, the sensitivity is somewhat 
higher than the sensitivity of 26% that was found at a specificity of 93% for the SSP subtest 
reported by Young et al. (2012).
 Notably, the experimental malingerers were coached about what symptoms to 
expect, as well as warned about performance validity tests. These processes can affect 
malingering performance, and may have dropped the identification accuracy of the 
embedded indicators in the WMS-IV examined in this study (Jelicic et al., 2007; Schenk & 
Sullivan, 2010). However, it is likely that the experimental malingerers adequately feigned 
(mild) brain damage, as they all scored below the cut-off score of 84 on the ASTM (range 
= 34 to 83). Moreover, with a cut-off score of ≤ 83 the ASTM has a specificity of 95%, so less 
than 5% of the neurologically impaired patients in the validation study performed that 
low (Schmand et al., 1999).
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 The authorized Dutch version of the WMS-IV was developed to be equivalent to the 
original published U.S. version (Hendriks et al., 2014; Wechsler, 2009). Therefore, it is likely 
that our results can be extended to other-language versions of the WMS-IV.
 Several limitations of this study need to be addressed. First, in comparison to the 
study by J.B. Miller et al. (2011), we included a sample of analogue malingerers. Although 
analogue study designs have been recommended (Bush et al., 2005; Heilbronner et al., 
2009), this design has sometimes been criticized for external validity concerns as it remains 
unclear whether the performance of these healthy controls experimental malingering is 
in comparable to real-world malingering (c.f. Haines & Norris, 1995; Larrabee, 2007; 
Rogers,2007; Suhr & Gunstad, 2000; Vickery et al., 2004). Further research is warranted to 
replicate these findings in clinical studies with suspected, real-world malingerers.
 One could also argue that it is a limitation that the clinical sample is heterogeneous, 
i.e. consisting of patients having different neurological disorders. However, we purposely 
included a heterogeneous sample, as we wanted to enhance the external validity of our 
findings relevant for use in a mixed-etiology patient group. In future, it would be interesting 
to examine the applicability of the WMS-IV, and in particular the SA subtest, in the 
identification of malingering in specific neurological (or psychiatric) disorders, comparing, 
for instance, mildly, moderately and severely cognitively impaired patients, as well as 
different subgroups (e.g., different types of stroke or different subtypes of MS), as well as 
other settings. Furthermore, only patients who did not show evidence for suboptimal 
performance (based on performance validity testing or expert opinion) were referred to 
our study based on the inclusion criteria. As a result, our patient sample did not complete 
the same PVT, as performance validity testing was done as part of the diagnostic work-up 
of the individual clinics using different, yet widely-used PVTs.
In conclusion, findings from the current study show that the WMS-IV-NL visual working 
memory subtest Spatial Addition might be a valid embedded indicator for the detection 
of suboptimal performance. However, it should be stressed that the test’s sensitivity is 
lower than its specificity, making it important to not base the detection of suboptimal 
effort on a single test; rather the Spatial Addition subtest might have added value in 
clinical practice when used in combination with other measures for the detection of 
suboptimal performance.
126  |  Chapter 8
Appendix
Questionnaires for the experimental malingerers before 
and after testing
Semi-structured questions before testing (translated):
1. Have you experienced any differences in your behaviour or well-being since the 
accident? What kind of differences have you experienced? When did the (particular 
complaint) start? Has it worsened over time? How does it interfere with your everyday life?
 
Questions to be answered after testing (translated):
1.  How did you try to simulate brain damage? 
2.   How successful do you think you were at simulating brain damage? 
Very unsuccessful – very successful
 1 2 3 4 5
3.   Did you search for extra information on brain damage in order to prepare  
for your role?
 
 Yes No
4. If YES: how did you search for extra information?
 - I looked up information online.
 - I looked up information in books.
 - I asked a friend/acquaintance for help.
 - Other: 
5.  If YES: what information did you use to help you simulate brain damage?
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The aim of this thesis was to develop the Dutch version of the Wechsler Memory Scale – 
Fourth Edition (WMS-IV-NL), and examine its psychometric properties and clinical utility. 
In this concluding chapter, an overview of the main results and conclusions will be 
summarized and reflected upon. Then, we reflect on the strengths and limitations of this 
thesis, and finally present considerations for future research and for clinical practice. 
Main findings 
Chapter 2 describes the history, development and initial evidence of the psychometric 
properties of the WMS-IV-NL. We characterized the WMS-IV-NL as an extensive memory 
battery designed to assess various memory abilities in individuals from 16 to 90 years old 
and provided and overview of the battery. The Dutch standardization sample was 
comprised of 1,118 healthy individuals. Moreover, the WMS-IV-NL showed good reliability 
(internal consistency, test-retest reliability and interrater agreement). Also, there is support 
for the content and construct validity (intercorrelations and factor-analytic studies), as well 
as some support for the concurrent validity (relationships with other tests and demographic 
variables). In general, the findings were in agreement with the findings that were reported 
by Holdnack and Drozdick (2009) in the U.S. WMS-IV Technical Manual (Wechsler, 2009). 
This chapter was the starting point for the subsequent chapters, in which the reliability, 
validity and clinical utility of the WMS-IV-NL were examined further. 
 In order to examine the construct validity of the WMS-IV-NL Adult and Older Adult 
Batteries, the latent factor structure was examined with a series of confirmatory factor 
analyses in Chapter 3. Our results corroborate the presence of three factors in the Adult 
Battery consisting of Auditory Memory, Visual Memory and Visual Working Memory. These 
results demonstrate the robustness of the factor structure, and extend recent studies that 
also conducted confirmatory factor analyses on the WMS-IV (Wechsler, 2009; Holdnack, 
Zhou, Larrabee, Millis, & Salthouse, 2011; Pauls, Petermann, & Lepach, 2013). A two-factor 
model consisting of Auditory Memory and Visual Memory provided the best fit for the 
data of the Older Adult Battery. Furthermore, simultaneous multi-group confirmatory 
factor analyses revealed that the factor structures and factor loadings of the Dutch and 
U.S. standardization samples are equivalent for the Adult and Older Adult Batteries. These 
results reveal that the authorized WMS-IV-NL is equivalent to the original U.S. version as it 
includes the same index and subtest scores in the Adult and Older Adult Batteries with 
similar factor structures.
 In Chapter 4, the test-retest reliability, practice effects and regression-based change 
norms of the WMS-IV-NL were investigated. In particular, we examined the magnitude of 
test-retest reliability and practice effects for the WMS-IV-NL in healthy individuals after 
either a short or long interval (i.e., 3-16 weeks and 12-24 months). Overall, the findings 
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support adequate test-retest reliability of the WMS-IV-NL. In line with previous research 
(Wechsler, 2009), we found extensive practice effects on the WMS-IV-NL index scores, with 
the exception of the Visual Working Memory Index, after a short time interval of 3-16 
weeks. More importantly, no practice effects were found after a long time interval of 12-24 
months.
 The study described in Chapter 5 evaluated the reliability and validity of three short 
forms of the WMS-IV-NL in a mixed-etiology sample of 235 neurological patients. Our 
results revealed high internal consistencies for all short-form index scores, and high 
correlations between all short-form and actual index scores. However, none of the short 
forms met the a-priori criteria for the predictive accuracy (i.e., > 80% of each short-form 
index score should fall within 2 SEM of the actual index score), which leads to concerns 
about the usability of the index scores derived from these short forms in clinical practice. 
Therefore, we argue that caution is warranted when using short forms to estimate the 
WMS-IV-NL index scores. Note however, that the psychometric properties of the individual 
subtests of the WMS-IV-NL are good (see Chapter 2).
 In Chapter 6, the clinical applicability and validity of an optional cognitive screener of 
the WMS-IV-NL, the Brief Cognitive Status Exam (BCSE), was examined in older adults with 
mild cognitive impairment (MCI) or dementia, comparing it to the Mini Mental State 
Examination (MMSE: Folstein, Folstein, & McHugh, 1975). The results revealed high 
compatibility between the psychometric properties of both cognitive screeners. Overall, 
we concluded that the BCSE is a clinically valid screening instrument for the detection of 
cognitive impairment in patients with dementia, although the BCSE and MMSE show 
limitations in distinguishing older adults with MCI from healthy controls. 
 Chapter 7 examined the clinical utility of the WMS-IV-NL in pre-surgical patients with 
medial temporal lobe epilepsy (TLE). As expected, results showed significantly poorer 
memory performance in TLE patients compared to matched healthy controls. In addition, 
TLE patients with mesiotemporal abnormalities performed significantly worse than those 
with lateral temporal abnormalities. Based on these findings we concluded that the 
WMS-IV-NL is capable of detecting memory problems in TLE patients. Furthermore, TLE 
patients with either a left or a right focus performed equally on all WMS-IV-NL scores.
 In order to examine whether several tasks of the WMS-IV-NL can be used as embedded 
indicators for suboptimal effort, we used an analogue study design in Chapter 8. The 
WMS-IV-NL was administered in healthy individuals who were asked to simulate cognitive 
impairments as a result of TBI (i.e., “experimental malingerers”), patients with moderate to 
severe acquired brain injury (ABI) and matched healthy controls. As expected, experimental 
malingerers performed significantly poorer compared to ABI patients and healthy controls. 
However, the results of the classification accuracy statistics identified only the Spatial 
Addition subtest as significant predictor for suboptimal effort. It was concluded that the 
Spatial Addition subtest may be valuable in clinical practice for the detection of suboptimal 
effort when used in combination with other measures. 
Summary and discussion  |  133
9
Strengths, limitations and future directions
A major strength of the studies described in this thesis is that a large sample of healthy 
individuals was recruited, yielding optimal power of the statistical analyses. Moreover, in 
the patient studies perfectly matched healthy controls from the WMS-IV-NL normative 
dataset could be selected (based on several stratification criteria, such as age, sex, and 
education level). These matched control samples are essential to validly interpret the 
performance of the patient groups. 
 Several limitations to the studies presented in this thesis have to be discussed. Four of the 
studies described in the present thesis are patient studies, in which we included patients with 
different neurological disorders, etiologies or subtypes of a disorder (e.g., the mixed-etiology 
groups in Chapter 5 and Chapter 8, or patients with different types of dementia in Chapter 3). 
One could argue that it is a limitation that the selected clinical samples are heterogeneous. 
However, we purposely included these heterogeneous samples, as we wanted to enhance 
the external validity of our findings relevant for use in mixed-etiology patient groups. Still, 
conclusions drawn from these studies should always be interpreted with caution regarding 
their generalizability to specific patient groups. Therefore, future studies should focus on 
the applicability of the WMS-IV-NL in other specific neurological or psychiatric disorders, 
other subgroups (e.g., different types of dementia, stroke or MS), as well as other settings. 
 Additionally, the range reported for the long retest interval (12 months to 24 months) 
described in the test-retest reliability study in Chapter 4 is extensive. This range is more 
than double the range of the short retest interval (3 to 16 weeks), which may result in 
differences between these groups. The wide range in the long time interval group in our 
study was mainly chosen for pragmatic reasons. Studying test-retest reliability and practice 
effects of the WMS-IV-NL and other memory tests in shorter time frames and across more 
measurement occasions is recommended for future studies. 
 Furthermore, several limitations and recommendations for future research with 
regard to the Wechsler concept have to be discussed. One of the major criticisms of the 
WMS-IV is that it is not a theory-driven memory battery. As stated in the introduction, 
Squire’s (2004; 2009) memory taxonomy, makes a distinction between different memory 
systems, such as short-term (working) and long-term memory; implicit and explicit 
memory; and episodic and semantic memory (see Figure 1 in Chapter 1 for a more 
detailed overview of the memory model). Taking this taxonomy into account, the WMS-IV 
acknowledges the notion that memory is not a unitary concept. However, it only assesses 
episodic long-term memory and visual working memory, and does not systematically 
evaluate performance of different memory systems. One could argue that working 
memory and episodic memory are the most important memory systems in neuropsycho-
logical assessment, as patients usually experience problems in these memory domains. 
However, the ideal memory battery should provide a thorough theory-driven coverage of 
all memory systems (see also Kent, 2013 and Lezak, 2012, for more extensive reviews). 
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 Comparing the WMS-IV to other widely-used memory tests also identifies some 
limitations of the Wechsler concept. For instance, many episodic memory tests use 
repeated presentations of the same material in order to estimate a learning curve, such as 
the Rey Auditory Verbal Learning Test (RAVLT; Saan & Deelman, 1986 Van der Elst, Van 
Boxtel, Van Breukelen, & Jolles, 2005), Location Learning Test (Bucks, Willison, Byrne & 
Kessels, 2011) or California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 2000). 
Furthermore, other memory batteries consist of everyday tasks to evaluate everyday 
memory functioning (i.e., ecologically valid memory tests), such as the Rivermead 
Behavioural Memory Test – Third Edition (RBMT-3; Wilson et al., 2008; Wester, 2014). 
Interestingly, the previous version of the WMS, the WMS-III, aimed to increase the test’s 
ecological validity. However, many of these ecologically valid subtests had poor 
psychometric properties (Millis et al., 1999; Faces: Glassmire et al., 2003; Hawkins & Tulsky, 
2004; Holdnack & Delis, 2004; Levy, 2006, and Family Pictures: Dulay et al., 2002). As a result, 
more traditional and less ‘everyday’ subtests were included in the WMS-IV. 
 One other limitation of the WMS-IV is that no alternate forms are available for parallel 
testing (Wechsler, 2009). Notably, Stone and Wechsler (1946) developed a parallel version 
for the original WMS, but to our knowledge it is unclear why they changed their strategy 
for the following editions. Examples of memory tests with alternate forms are the California 
Verbal Learning Test-II (Delis et al., 2000) and the RBMT-3 (Wilson et al., 2008). 
 Another limitation of the WMS-IV-NL is the long administration duration, which can 
take up to 2 hours in patients with cognitive impairment (Miller, Axelrod, Rapport, et al., 
2012). In Chapter 5 the psychometric properties of several short forms were examined, 
showing that these are less reliable to estimate the overall memory performance than the 
full battery. However, in clinical practice, neuropsychologists often use individual subtests 
as part of a neuropsychological assessment. Although the interpretation of individual 
subtests should be done with caution (and never without considering test performances 
on other memory tests or cognitive domains), the psychometric properties of the 
individual subtests of the WMS-IV-NL are good (see Chapter 2), making them suitable for 
inclusion in neuropsychological assessment. 
 In general, one of the major strengths of the Wechsler intelligence and memory 
scales is that these extensive test batteries are psychometrically solid, and became the 
most widely used test batteries worldwide (Rabin, Barr, & Burton, 2005). Accordingly, there 
is considerable expertise on the administration, scoring, and psychometric properties of 
the WMS-IV (Drozdick, Holdnack, & Hilsabeck, 2011; Holdnack, Drozdick, Weiss, & Iverson, 
2013). In addition, other advantages are the co-development and co-norming of the 
WAIS-IV and WMS-IV in the U.S., which provides clinicians with comparative statistics that 
enable the direct comparison of an individual’s performance on both instruments. As a 
result, more specific hypothesis about an individual’s strengths and weaknesses can be 
tested (i.e., contrast scores that include the WAIS-IV General Ability Index vs. the WMS-IV 
Delayed Memory Index or the WAIS-IV Working Memory Index vs. the WMS-IV Visual 
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Working Memory Index). In the Netherlands, the WAIS-IV-NL and WMS-IV-NL were 
developed in a similar manner which enhances the usability and comparability of both 
test batteries. Unfortunately, they were not co-normed due to practical constrains. 
Consequently, there are no comparative statistics available yet. For future versions of the 
Wechsler tests, co-norming would also be recommended for the Netherlands.
 Over the years, the WMS has improved its quality in terms of administration, and 
scoring criteria, standardization, development of norms, reliability and validity with every 
new edition (Drozdick et al., 2011). However, there is also a downside to this continuing 
evolution of the instrument (Loring & Bauer, 2010). As new versions always go hand in 
hand with new subtests and new subtest combinations, the accumulated development 
of clinical and scientific knowledge about an earlier version becomes futile. This is 
unfortunate, as it takes a time and resources to determine the sensitivity, specificity, and 
clinical utility of newly developed or altered subtests in various neurological and 
psychiatric patient groups; just as it takes time for (neuro)psychologists in the clinical field 
to incorporate a new test version (e.g., training to base clinical decisions on the new 
version). Additionally, test updates may hinder longitudinal research or database 
implementation. Therefore, we encourage test publishers to place more emphasis on 
prolonged use of the same test materials, and focus more on regular updates of normative 
datasets. 
Clinical implications
Several recommendations with reference to the assessment of memory functioning using 
the WMS-IV-NL may be derived from the studies reported in this thesis. First, with regard 
to the available neuropsychological tests and batteries for the assessment of episodic 
memory and visual working memory in the Netherlands, there are only a limited number 
of well standardized and validated memory tests. The RAVLT (Saan & Deelman, 1986; Van 
der Elst et al., 2005) is probably the most used memory test in the Netherlands. Additionally, 
memory batteries such as the WMS or the RBMT can be especially useful to assess a wide 
range of memory components. Overall, the studies presented in this thesis reveal that the 
WMS-IV-NL is a useful and valid memory battery, and a valid addition to the currently 
available instruments (Bouman, Hendriks, Kessels, & Aldenkamp, 2012; Van der Zee, 2014). 
With regard to repeated assessments across time, it is recommended to preserve a time 
interval of at least one year for re-evaluation with the WMS-IV-NL. One of the previously 
mentioned limitations of the WMS-IV-NL is that there is no alternate form available. The 
use of alternate forms of episodic memory tests may reduce the confounding practice 
effects as they intercept the recollection of specific items (Benedict, 2005; Benedict & 
Zgaljardic, 1998). Such material-specific practice effects are clearly present in the 
WMS-IV-NL (see Chapter 4). Thus, for interpreting the WMS-IV-NL results after repeated 
136  |  Chapter 9
testing, the use of the regression-based equations to take these practice effects into 
account is crucial. 
 The administration of the complete WMS-IV-NL is encouraged as it provides a 
complete evaluation of the core memory functions. However, we acknowledge that the 
use of brief memory instruments, individual subtests, or short forms are often warranted 
in clinical practice due to practical or clinical constraints. We provided support for the use 
of the 3-subtest OAA short form (LM, VR and VPA), but stated that caution is warranted 
when using the 2-subtest short forms (LMVR and LMDE) to estimate the WMS-IV-NL index 
scores. Use of the 2-subtest short forms is only advised when administration time needs 
to be significantly shortened, for instance, as part of a first neuropsychological screening. 
The LMVR short form yielded better psychometric qualities than the LMDE short form. 
The latter one, may however, be more suitable when the clinician has a-priori hypotheses 
about a patients’ visuo-spatial memory or when a patient’s motor skills are impaired. 
Furthermore, it is important to mention that our study was limited to the WMS-IV-NL 
Flexible Approach short forms, which can be used to calculate four index scores (AMI, VMI, 
IMI, and DMI; Hendriks, Bouman, Kessels, & Aldenkamp, 2014; Wechsler, 2010). It would be 
possible to evaluate more WMS-IV-NL short forms with other subtest combinations, such 
as a 2-subtest combination of VPA and VR which is already reported by Miller, Axelrod, 
Rapport, and colleagues (2012). 
 In Chapter 6, it is concluded that the optional cognitive screener of the WMS-IV-NL, 
the Brief Cognitive Status Exam (BCSE), is useful for the detection of severe cognitive 
impairment, but not for the detection of mild cognitive impairment. In contrast to our 
study, however, a recent study by Hilsabeck and colleagues (2015) revealed that the BCSE 
has more diagnostic utility as a cognitive screener than the MMSE, and is more sensitive at 
detecting cognitive impairment particularly in patients with milder levels of cognitive 
impairment. Hilsabeck and colleagues (2015) argued that the differences in study findings 
are likely due to differences in study samples. The cognitively impaired patients in their 
study were younger, had less severe cognitive deficits, and were more heterogeneous 
with respect to the underlying etiologies. It is an additional advantage of the BCSE that 
the age- and education-adjusted weighted scores are based on the same normative 
sample (16 to 90 years) as the WMS-IV. 
 Furthermore, WMS-IV-NL subtests may be useful as measures of symptom validity. 
Many studies have shown that a poor performance on recognition tasks and a relatively 
poor performance on working memory tasks as well-established indicators of suboptimal 
effort (Chapter 8). For the WAIS-IV and WMS-IV, the additional Advanced Clinical Solutions 
(ACS) package developed in the U.S. provides several embedded measures for the 
detection of suboptimal effort including the Reliable Digit Span from the WAIS-IV 
(Greiffenstein, Baker, & Gola, 1994), the four recognition tasks (LM Recognition, VPA 
Recognition, VR Recognition and DE Recognition), and a newly developed Word Choice 
Test (which has a similar format as the Warrington Memory Test) (Wechsler, 2010). Two 
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studies found promising results for the ACS package (Miller, Axelrod, & Schutte, 2012; 
Pearson, 2009), and one study identified the visual working memory subtest Symbol Span 
as an indicator for the detection of suboptimal effort. We revealed that the other visual 
working memory subtest, Spatial Addition (SA), might be a valid embedded indicator for 
the detection of suboptimal effort. It is important to note, however, that the detection of 
suboptimal effort should not be based on a single test. Rather, these embedded indicators 
may be valuable in clinical practice when used in combination with other measures for 
the detection of suboptimal effort, such as symptom validity tests specifically designed to 
assess an individual’s performance effort (Dandachi-FitzGerald, Ponds, & Merten, 2013; 
Larrabee, 2012). 
A measure to remember
This thesis presented an overview of the development, standardization and psychometric 
properties of the WMS-IV-NL. As memory problems are present in a large variety of 
neurological or psychiatric disorders, examining the functioning of memory is considered 
to be a core component in (neuro)psychological evaluations. In general, the findings of 
this thesis revealed that the WMS-IV-NL seems to be a reliable, valid and clinically useful 
instrument for the assessment of episodic memory and visual working memory. Moreover, 
the present thesis provided a contribution to extensively growing body of literature on 
the clinical utility of the WMS-IV. In all, the WMS-IV-NL is a valid contribution for the 
assessment of memory function. This being said: the WMS-IV-NL is certainly a measure to 
remember.  
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Samenvatting
Geheugenproblemen zijn veel voorkomende cognitieve problemen bij normale veroudering 
en bij patiënten met hersenletsel of een psychiatrische stoornis. Het onderzoeken van de 
geheugenfuncties is dan ook een belangrijk onderdeel van zowel het neuropsycholo-
gisch als het klinisch psychologisch onderzoek (Camara, Nathan, & Puente, 2000). Er zijn 
verschillende Nederlandstalige geheugentests beschikbaar die specifieke aspecten van 
de geheugenfuncties meten, zoals tests voor het verbale episodische geheugen 
waaronder de 15-Woordentest (15-WT; Saan & Deelman, 1986) en de Verbale Leer & 
Geheugen Test (VLGT; Mulder, Dekker, & Dekker, 1996), en tests voor het visueel ruimtelijke 
episodische geheugen, zoals de Rey Complex Figure Test and Recognition Trial (RCFT; 
Meyers & Meyers, 1995) en de Location Learning Test - Herziene Versie (LLT-R; Kessels, 
Bucks, Wilson, & Byrne, 2012). Naast deze geheugentests, bestaan er ook uitgebreidere 
testbatterijen die een breder scala aan geheugenfuncties onderzoeken. Voor het 
Nederlandse taalgebied zijn er twee vertaalde geheugenbatterijen beschikbaar, namelijk 
de Rivermead Behavioural Memory Test (RBMT; Van Balen & Groot-Zwaaftink, 1987) en de 
Wechsler Memory Scale (WMS; Wechsler, 2009). Internationaal is de Wechsler Memory 
Scale (WMS) de meest gebruikte geheugenbatterij (Rabin, Barr, & Burton, 2005). In het 
kader van dit promotieonderzoek is de meest recente versie, de Wechsler Memory Scale 
– Fourth Edition (WMS-IV; Wechsler, 2009), bewerkt en genormeerd voor het gebruik in 
Nederland. Daarnaast zijn de psychometrische eigenschappen en de klinische toepasbaarheid 
van deze geheugenbatterij onderzocht.  
 De WMS-IV is ontwikkeld voor het onderzoeken van verschillende aspecten van het 
episodische geheugen en het visuele werkgeheugen bij mensen in de leeftijd van 16 tot 
90 jaar. De WMS-IV-NL bevat zes primaire subtests (Logisch Geheugen, Woordparen, 
Visuele Reproductie, Patronen, Ruimtelijk Rekenen en Symbool Reeksen) en één optionele 
cognitieve screeningsbatterij, het Kort Cognitief Functieonderzoek (KCF). Middels de 
WMS-IV-NL kunnen vijf indexscores berekend worden: de Auditieve Geheugen Index 
(AGI), Visuele Geheugen Index (VGI), Onmiddellijke Geheugen Index (OGI), Uitgestelde 
Geheugen Index (UGI) en Visuele Werkgeheugen Index (VWGI). De Nederlandstalige 
WMS-IV (WMS-IV-NL) bestaat uit twee standaardbatterijen en drie verkorte versies. De 
twee standaardbatterijen geven een volledige beeld van de geheugenaspecten en 
omvatten een uitgebreide Volwassenenbatterij voor mensen van 16 tot 65 jaar, en een 
kortere Ouderenbatterij voor mensen in de leeftijd van 65 tot 90 jaar. De Volwassenen-
batterij bestaat uit alle subtests, namelijk de zes primaire subtests en het optionele KCF. 
De kortere Ouderenbatterij bestaat uit een selectie van vier primaire subtests en het 
optionele KCF. Tevens zijn er drie verkorte versies ontwikkeld om de afnametijd te 
beperken. Deze kunnen gebruikt worden wanneer er geen uitgebreid onderzoek naar de 
geheugenfuncties vereist is, of wanneer afname van een standaardbatterij in de klinische 
setting niet mogelijk blijkt te zijn (Hendriks et al., 2014; Pearson, 2009). 
154  |  Nederlandse samenvatting
Hoofdstuk 2 beschrijft de geschiedenis, de ontwikkeling en de eerste resultaten van het 
onderzoek naar de psychometrische eigenhappen van de WMS-IV-NL. De Nederlandse 
normgroep bestaat uit 1188 gezonde Nederlandse personen in de leeftijd van 16 tot 90 
jaar. Binnen deze normgroep werd ook gekeken naar de betrouwbaarheid en validiteit 
van de WMS-IV-NL. De indicatoren voor de betrouwbaarheid (interne consistentie, 
test-hertestbetrouwbaarheid en interbeoordelaarsbetrouwbaarheid) bleken goed. Ook 
de indicatoren met betrekking tot de validiteit (intercorrelaties, factor analytische studies, 
relaties met neventests en biografische gegevens) waren goed. Deze resultaten komen 
overeen met de bevindingen van de  Amerikaanse WMS-IV die werden beschreven door 
Holdnack en Drozdick (2009). 
 Vervolgens is in Hoofdstuk 3 de constructvaliditeit van de WMS-IV-NL Volwassenen- 
en Ouderenbatterij uitgebreider onderzocht. De driefactorstructuur (Auditief Geheugen, 
Visueel Geheugen en Visueel Werkgeheugen) die gevonden werd voor de originele 
Amerikaanse WMS-IV Volwassenenbatterij (Holdnack, Zhou, Larrabee, Millis, & Salthouse, 
2011; Pauls, Petermann, & Lepach, 2013) werd gerepliceerd in een groep gezonde volwassenen 
van 16-69 jaar oud. Daarnaast werd in een groep gezonde oudere volwassenen van 65-90 
jaar een tweefactorstructuur (Auditief Geheugen en Visueel Geheugen) gevonden voor 
de WMS-IV-NL Ouderenbatterij. Vervolgens werd met simultane multi-groep-confirmatieve 
factoranalyses aangetoond dat de factorstructuren en factorladingen van de Nederlandse 
en Amerikaanse normgroepen overeenkomen voor de Volwassenen- en de Ouderen-
batterij. Deze resultaten laten zien dat de Nederlandstalige WMS-IV equivalent is aan de 
originele Amerikaanse versie.  
 In Hoofdstuk 4 zijn de test-hertestbetrouwbaarheid, leereffecten en op  regressie 
gebaseerde veranderingsnormen onderzocht. Omdat de stabiliteit over tijd van de 
WMS-IV-NL testscores eerder enkel onderzocht is na een relatief kort tijdsinterval van 3 tot 
16 weken, is in dit onderzoek ook gekeken naar de test-hertestbetrouwbaarheid na een 
langer tijdsinterval van 12 tot 24 maanden. De test-hertestbetrouwbaarheid bleek na 
beide tijdsintervallen adequaat. Bij een herhaalde afname na enkele weken vonden we 
dat er structureel hoger gepresteerd werd op alle WMS-IV-NL index-scores, behalve op de 
index voor Visueel Werkgeheugen. Dit wijst op leereffecten. Deze leereffecten werden 
echter niet gezien bij een herhaalde afname na een lang tijdsinterval. Daarnaast werden 
middels regressie bepaalde veranderingsnormen verstrekt die in de klinische praktijk 
gebruikt kunnen worden om te bepalen of er sprake is van significante veranderingen in 
de testscores van een individu, oftewel of er sprake is van klinisch betekenisvolle verbetering 
of verslechtering van de geheugenfuncties.
 Voor het verkrijgen van een volledig beeld van de geheugenaspecten met behulp 
van de totale WMS-IV-NL is de afnameduur relatief lang; vooral in een klinische situatie. 
Om deze te verkorten zijn er drie verkorte testbatterijen ontwikkeld. De verkorte versies 
bestaan uit één driesubtestcombinatie (Verkorte Ouderenbatterij voor Volwassenen: VOV) 
en twee tweesubtestcombinaties (LGVR en LGP) waarmee de indexscores voor Auditief 
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Geheugen, Visueel Geheugen, Onmiddellijk Geheugen en Uitgesteld Geheugen berekend 
kunnen worden. In Hoofdstuk 5 zijn de betrouwbaarheid en validiteit van deze drie 
verkorte versies onderzocht in een gemengde klinische steekproef van 235 patiënten. De 
betrouwbaarheid van de verkorte versies is over het algemeen hoog, maar wel lager dan 
die van de standaardbatterijen. Zoals verwacht bleek de driesubtest versie (VOV) 
nauwkeuriger in het voorspellen van de ware indexscores bij patiënten dan de tweesub-
testcombinaties (LGVR en LGP). Desondanks behaalde geen van de verkorte versies 
binnen onze a-prior opgestelde criteria. Voor het accuraat voorspellen van de ware 
index-scores zou > 80% van de verkorte indexscores binnen twee standaardmeetfouten 
van de ware indexscores moeten vallen. Deze bevindingen laten zien dat er voorzichtig-
heid is geboden bij het gebruik van verkorte versies. Hierbij dient echter opgemerkt te 
worden dat de psychometrische eigenschappen van de afzonderlijke subtests van de 
WMS-IV-NL goed zijn (zie hoofdstuk 2). 
 Hoofdstuk 6 beschrijft een studie naar de klinische validiteit van het Kort Cognitief 
Functieonderzoek (KCF), de optionele cognitieve screeningsbatterij van de WMS-IV-NL. 
Het discriminerend vermogen van het KCF werd onderzocht in patiënten met mild 
cognitive impairment (MCI) en dementie. Tevens werd er een vergelijking gemaakt met 
de meest gebruikte cognitieve screener wereldwijd, de Mini Mental State Examination 
(MMSE: Folstein, Folstein, & MCHigh, 1975). Uit de analyses bleek een hoge overeenstem-
ming tussen de psychometrische eigenschappen van beide cognitieve screeners. Het KCF 
kon met een goede sensitiviteit (96%) en specificiteit (92%) cognitieve achteruitgang 
detecteren in patiënten met dementie. Zowel het KCF als de MMSE zijn in beperkte mate 
in staat zijn patiënten met MCI te onderscheiden van gezonde controles.
 In Hoofdstuk 7 is onderzocht of de WMS-IV-NL gebruikt kan worden om geheugen-
stoornissen te detecteren in pre-chirurgische patiënten met temporaalkwabepilepsie. De 
resultaten lieten zien dat patiënten met temporaalkwabepilepsie vergeleken met gezonde 
controlepersonen slechter presteerden op alle WMS-IV-NL indexen, behalve de Visuele 
Werkgeheugen Index. Bovendien presteerden patiënten met mesiotemporale afwijkingen 
vergeleken met patiënten met lateraal-temporale afwijkingen zoals verwacht slechter op 
alle WMS-IV-NL indexen, behalve de Auditieve Geheugen Index en de Visuele Werk - 
geheugen Index. Deze bevindingen zijn in overeenstemming met eerder onderzoek dat 
aantoonde dat de WMS-IV bruikbaar is om geheugenstoornissen vast te stellen in deze 
patiëntengroep (Soble et al., 2014). Daarnaast bleek dat de patiënten met alleen een links- 
of een rechtstemporaal focus vergelijkbaar scoorden op de WMS-IV-NL. Dit impliceert dat 
deze geheugenbatterij beperkt is in het identificeren van materiaalspecifieke geheugen-
problemen in pre-chirurgische patiënten met temporaalkwabepilepsie. 
 In Hoofdstuk 8 is onderzocht of een aantal taken van de WMS-IV-NL gebruikt kunnen 
worden als maat voor onderpresteren. De WMS-IV-NL werd afgenomen bij gezonde 
personen die waren geïnstrueerd om cognitieve stoornissen als gevolg van traumatisch 
hersenletsel te simuleren. De prestaties van deze groep gezonde simulanten werden 
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vergeleken met de prestaties van een groep patiënten met niet-aangeboren hersenletsel 
(NAH) en een groep vergelijkbare gezonde controlepersonen. De simulanten presteerden 
vergeleken met de NAH patiënten en de gezonde controles slechter op de WMS-IV-NL. 
Vervolgens is onderzocht in welke mate verschillende taken van de WMS-IV-NL in staat 
zijn om de simulanten te herkennen. Uit de analyses bleek alleen de subtest Ruimtelijk 
Rekenen een significante voorspeller te zijn voor onderpresteren. Deze bevinding laat 
zien dat de subtest Ruimtelijk Rekenen een waardevolle toevoeging kan zijn voor het 
detecteren van onderpresteren in de klinische praktijk, mits deze subtest gebruikt wordt 
in combinatie met symptoomvaliditeitstests.   
Tot besluit
De studies in het huidige proefschrift geven inzicht in de bewerking, normering en 
validering van de Nederlandstalige WMS-IV. Uit de bevindingen blijkt dat de WMS-IV-NL, 
die inmiddels gebruikt wordt in de klinische praktijk, een betrouwbaar, valide en klinisch 
toepasbaar instrument is voor het onderzoeken van de geheugenfuncties. Deze studies 
leveren een bijdrage aan de groeiende hoeveelheid literatuur en kennis over de psy-
chometrische eigenschappen en de klinische bruikbaarheid van de WMS-IV. Concluderend 
kan gesteld worden dat de WMS-IV-NL een waardevolle toevoeging is aan het beschikbare 
(neuro)psychologische testmateriaal in Nederland.
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